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i - mraowcriM 

DOfl space systems have become essential elements of the opera- 
tional systems which provide for .national Security. In recognition of this, 
national policy it to maintain assured access to space (NSDD 85). 
Consequently, the SecDef in submitting his recent Defense Space Launch 
Strategy to the President established, DOD Space Policy calling for a 
complementary launch system to the Shuttle to provide "...high confidence of 
access to space..." This capability ia "...needed for all levels of conflict 
to meet the requirements of national security missions." In the past this 
requirement was satisfied with a family of expendable launch vehicles, which 
while not completely assuring access to space for ell critical missions, did 
have the attribute that sot all national space missions were reliant on a 
single model launch vehicle. Thus, a generic grounding of one member of the ' 
family of launch vehicles did not necessarily restrict access to space for 
the launch fleet. The DOD is fully committed to the utilisation of the Space 
Transportation System (ST5) as its primary access to space. However, the 
production of'orbiters is currently phasing' down with completion of the fourth 
orbiter. At the same time, production of all O.S. Expendable Launch Vehicles 
(BLVa). used by major DOD payloads Is easing to an end. This situation is 
■ inconsistent with the requirement for assured access to space. 

Prior analyses of the ELV alternatives indicated that DOD costs 
to achieve this capability were unacceptable because the alternatives required 
early high level funding and the recurring costs per launch were higher than 
STS costs based on the DOD-NASA agreement for flight charges then in effect, 

While costs should not be the single criterion for determining 
national access to space, a recent national policy statement has changed the 
situation sufficiently that a reassessment of BOD'S position on the subject is 
warranted. This policy {HSDD 94) stated that the U.S. Government should 
support commercialization of Expendable Launch Vehicles; and, by 1988, it 
is the Government intent to charge full Shuttle launch costs to users. When 
the policy is combined with recent proposals by commercial launch vehicle 
contractors to use their funds for the development of upgraded versions of 
existing vehicles, the problem to DOD of providing significant near term 
funding is alleviated. The intent to charge full shuttle launch costs could 
lead to a significant increase in co3t per flight to DOD for the $K starting 
in 1988. 

This report examines alternative complementary l&wM systems 
which include commercial ELVs and a Shuttle derivative vehicle for support of 



near-tern DOD geosynchronous missions, While the Air Force has concentrated 
on the potential use of the commercial ELVs, NASA has investigated the concept 
or a Shuttle derivative vehicle, SRB-X (Solid Rocket Booster-*}. For any of 
these launch systems to he of benefit to the DOD they must offer a capability 
equivalent to that of the STS, i.e., a performance capability of 10,000 pounds 
to geosynchronous orbit and 11,500 pounds to 12-hour elliptical orbit, with a 
payload volumetric capability of 15 feet diameter and 1(0 feet in length. 

Current ELVs which meet commercial user requirements, do not 
meet either the COD performance or volumetric requirements discussed above. 
Therefore, for these vehicles to be of use to the DOD they must be upgraded. 
Discussion with the manufacturers Indicates that commercial development of 
these upgraded vehicles requires assurance that the DOD will purchase no less 
than two vehicles per year for a five year period (10 vehicles total 
production and launch). These vehicles will provide a Shuttle equivalent 
capability, have their development cost amortized over the total vehicle buy, 
and be paid for on a per- flight basis with payment in January of the year 
preceding their launch (identical to the Shuttle payment schedule). 
Commercial ELVs with the potential for growth to & Shuttle equivalent capa- 
. bility are the T3itD 7 /Centaur G' and the Atlas II/Centaur G*. Both manufac- 
turers, Martin Marietta and General Dynamics, have indicated willingness to 
enter into such an agreement and are currently under Air Force contract to 
complete a commercial ELY concept definition study to define technical, cost, 
and procurement risks. 

An alternative to tha commercial ELV complement to the Shuttle, 
investigated by NASA, is a Shuttle derivative vehicle -- the SHB-2. This 
vehicle utilises existing Shuttle components. Although this concept is 
projected to have a significantly higher cost, this vehicle continues to be 
studied. 

This report contains a summary of the capabilities and costs of 
both the commercial ELVb and the 3BB-X, Included for the commercial ELVs and 
the SRB-X is an assessment of technical, schedule, and cost risks involved in 
their procurement and operational capability. Also included is a cost 
comparison of their use in a Shuttle complementary scenario vis-a-vis a 
Shuttle only scenario, A comparison of the SRB-X in such a scenario was not 
performed due tc its potential high coat and questions as to its timely 
availability. Study of this alternative will continue. 

The launch date requirement against which these vehicles were 
aimea was early FX89 with an early FY85 go-ahead, A summary of the technical 



and programmatic assessment of these vehicles and the commercial ELY economic 
copparisioB with the Shuttle follows. 



II - CANDIDATE SISTEHS 

Candidate complementary launch systems include the T3^/Ceatanr 
Q', the Atlae Il/Centaur G',, and the SSB-L A summary description of these 
vehicles and their capabilities, accompanied by en assessment of their 
technical and schedule risks, is presented. 



1. Both the T34D ? and the Centaur G 1 are adaptations of vehicles 
that are currently operational. The aerifications required to transform the 
*3«> to the T3AD 7 iwiod* the growth of the solid rocket motors (SRHs) from 5- 
1/2 segments to seven segments and the stretching of both Stages I and II 
(Figure II-1). 

2. The TSflD^ draws heavily from its predecessor Titans. The SBHa ■ 
are the same as used oa current titan croerans except they are lengthened to 
seven segments, This does not represent a major change as four 3even segment 
motor firings were conducted iu 1969 ami 1970 for the Manned Orbiting Labora- 
tory (JJOL) Program, stages I and H are the same, including engines, as used 
on current Titan programs except that fuel and oxidizer tasks in both stages 
are lengthened. The interstage adapter betseen Stages I and II is strength- 
ened to accommodate the stretched vehicle. The Stage II forward skirt is 

1 modified for higher loads sad to accommodate installation of the avionics 
trusses and equipment. The avionics hardware (guidance, flight controls, 
electrical, instrumentation, tracking, and flight safety ordnance) to be used 
on the core vehicle is all of existing design rtth proven flight history. 
Cabling will be modified as necessary to accommodate the vehicle configura- 
tion. Software currently on the T34E Transtage program will be utilized to 
the maximum extent practical. The Titan guidance systems will be -used to fly 
the vehicle from liftoff to Stage IX/Centaur separation. Minor software 
changes will be necessary to accommodate vehicle checkout and launch require- 
ments. 
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3. The Centaur 0' (Figure XX-2) is u growth modification of the 

currently operations! D-1T and is scheduled for first launch en the Shuttle in 
19B6 (HASA planetary missions - Galileo and International Solar Polar). Modi- 
fications to the Centaur 6' vehicle are to provide the Centaur G payload 
interface, strengthen the Centaur front end structure to carry the 11,500 
pound weight, remove Shuttle-peculiar weight, and add range safety and 
security equipment, 

H, the 131^ stage XI will mate vith the Centaur G< and the payload 
fairing through an interstage adapter similar to that used for the highly 
successful Titan IIIE/Centaur program that'flew NASA planetary missions during 
the 1970s. A 200 inch diameter payload fairing of new design will shroud the 
Centaur and payload. However, the fairing is not without precedence since a 
large diameter type fairing (Hi foot) was launched successfully on the Titan 
IIIE/Centaur program, and several studies have been conducted on the use of 
the 200 inch diameter design. 

5. The $34Dy/Centatir G 1 launch is planned front launch Comple* ^1 
at Cape Canaveral Air Force Station, Florida. The effort required to install 
and launch the vehicle can be grouped into two categories: tse refurbishment 
needed for reactivation of the complex and the modifications necessary to 
■convert from a Titan IIIE/Centaur configuration to the T3^S„/Centaur G* 
configuration. 

6. Detailed trajectory simulations for the geosynchronous orbit 
mission and the 12-hour elliptical orbit mission were made by Martin Marietta 
and verified by the aerospace Corporation. These simulations demonstrate that 
the proposed T34D™/ Centaur 0' will deliver a spacecraft weight of 10,300 
pounds to the geosynchronous orbit and 11,500 pounds to the 12-hour elliptical 
orbit. The 12-hour elliptical orbit performance might be improved to 15,000 
pounds with a strengthening of the Centaur structure. 
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7. The development 8C hedule for the nty/Centaur G' provides for 
an Initial Launch Capability (ILC) oM October 1988 with development initi- 
ated 1 October 1984. This four year development schedule is considered con- 
servative and affords several months for contingencies. 

8. The technical and schedule risks for X3JiD ? /Centaur 0' to meet 
performance, operational, and schedule requirements have been assessed as 
being low. 

1* The Atlas II/Centaur G 1 represents a modification to the 

currently operational Atlas G and the. Centaur D-1T. The selected 
configuration is a grovth version of the Atlas II/Centaur vehicle which has 
been studied by Genera Dynamics over the past several years for launch of 
commercial satellites. The Atlas II (Figure 11-33 being proposed is a vehicle 
200 inches in diameter with a propulsion system consisting of five liquid 
rocket engines (LHEs), four solid rocket motors (SflMs), and two roll control 
modules (RCMs). The SRHs are jettisoned at launch + 100 seconds. At booster 
stage cutoff, four LREs are jettisoned and the BCHs are activated to provide 
roll control through the sustainer flight phase. The Atlas II booster thrust 
structure is sifisilar to the correct Atlas system. The basic difference is its 
200 inch diameter that oust react with the .propulsive thrust loads from the 
four booster engines and the four solid rocket motgrs on the aft end and with 
greater aerodynamic and inertia loads. The current Atlas diameter is 120 
Inches, it has two booster, one sustainer, and ■ wo vernier engines; and no 
solid rocket motors. Three liquid engine candidates have been investigated 
for the Atlas II: flocketdyne E1-D, Rccketdyae BS-27, and Aerojet engines. 
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2. The modifications required to the Centaur G' for its use on the 
Atlas II are similar to those required for the T3ttty. (Section HA-3). 

3. The payload fairing will be a new 200 inch diameter metallic 
structure built to accommodate payloads with a maximum envelope diameter of 15 
feet, consistent witb that available in the Space Shuttle. The fairing will 
have openings, environmental seals, a forward bearing reactor system, and 
disconnects similar to those used on previous Titan HIE aissons flows with a 
1$ foot fairing. 

4. The Atlas II/Centaur G* is planned for launch from Launch Complex 
41. Aa with the T3iffl 7 /Cenfcaur G 1 , .this complex will require both renovation 
and modification to support the specific vehicle characteristics. 

5. la order to provide a performance margin, the vehicle was sized 
for an 11,000 pound (1,000 pound margin) geosynchronous payload capability. A 
baseline reference trajectory was developed and the quoted performance capa- 
bility was based on an assumed set of trajectory design groundrules and con- 
straints as well aa mass property estimates. The 12-hour elliptical orbit 
capability exceeds 15,000 pounds but the Centaur Is structurally constrained 
to 11300 pounds as previously explained. 

fi. The development schedule for .the Atlas II/Centaur G' could 

provide an Initial Launch' Capability (EC) of 1 October 198B with development 
initiated on 1 October 1984. 

7. The technical risks for the Atlas II/Centaur C meeting the 

performance and operational requirements have been assessed as moderate. 
Because of the extensive modifications to the vehicle necessary to provide 
this performance capability, there is concern that technical problems may 
result in a schedule slip. The schedule risk is associated primarily with 
liquid engine deliveries late in the program which causes the engine cluster 
firing and integrated feed system demonstration to occur only a few months 
prior to Initial launch Capability. The lack of solid and liquid engine igni- 
tion sequence, thrust buildup, thrust differential and overpressure data 
introduces some uncertainty in vehicle and spacecraft loads. The schedule 
rielc is accordingly assessed as moderate. 



1, The Sfts-X is a Shuttle derivative vehicle configured by the 
Boeing Aerospace Corporation for NASA/HSFC (Figure UA), 

2, The SHB-X concepts are baaei! on utilization of the SIS Solid 
Racket Softer asd solid rocket motor technology in combination with other 
existing stages for a building block Shuttle derived fatally of launch vehi- 
cles, lie contractor studies of these concepts identified a four-stage con- 
figuration- for geosynchronous missions which is a combination of Shuttle solid 
rocket technology with Titan and Centaur liquid rocket stages. The selected 
SRB-X concept consists of the following elements: 

Stage 1 - 2-1 Segment 3TS SEBs 

Stage 2 - 1-2 Segment Modified STS SRB 

Stage 3 - 1 - Titan 3*D Stage 2 (Liquid System) 

Stage 1 - 1 * Centaur 

Payload Fairing - Large diameter for a 15 ft dla x JlQ ft 
length payload 

This vehicle has a geosynchronous performance capability of 12,000 pounds. 

Gross liftoff weight is 3,^40,000 pounds. 

3, ' The SRfi-X concept is designed to be compatible with processing 
through the existing Shuttle launch faellties and ground operations with aa 
little codification or interference aa possible. The SRB-X SRB3 are spaced 
itl.? feet apart to coincide with the STS launch pad's SUM exhaust ducts. The 
second, third, and fourth stages are suspended by truss structures between the 
two SHBs. Launch pad modifications are required for handling and loading of 
the liquid stages with storable and cryogenic propellact3, Furthermore, since 
SSB-X will require use of Shuttle facilities which are configured for 'a 21 per 
year Shuttle launch capability, creating an SRB-X complement to Shuttle may 
require facility enhancements. 

Jf t A large diameter payload fairing of new design will shroud the 

Centaur/ pay load. 

g. The SRB-2 configuration is the result of concept exploration 

studies and represents a vary preliminary engineering configuration. Based 
upon the data from the NASA study, it lis felt that the ability to Beet either 
an October 1985 development start or 3D October 1968 Initio Launch Capability 
is highly improbable. However, the concept is being studied to further assess 
its potential, 



Ill - COST OP CANDIDATES 

Toe development and operations costs for the candidate vehicles 
reflect contractor cost estimates codified by Government analysis. Added to 
these costs are estimates of Government support and range costs. Cost esti- 
mates for the three candidate vehicles are based upon differing levels of 
input data fidelity and are addressed accordingly. 

A. Bty&S&mJil 

1. . The cost-per-flight for m I3#ycentaur G' has been estimated 
at approximately $170 million FX83 dollars. This cost is composed of a 
♦115 million FX83 dollar cost per launch of the I3«^ and a $55 million cost 
per launch of the Centaur (?. The $115 million FY63 dollar cost per flight of 
the T34Dy is composed of a $160 million development cost amortized over a ten 
vehicle buy, a recurring cost per flight of $90 million, and a cost of money 
addition of $9>3 million per vehicle. This cost is based upon a production 
rate of four vehicles per year, a launch rate of two vehicles per year, and a 
total buy of ten vehicles. The costs have been structured to maintain a 
production capability through the five year launch period by the retention of 
critical skills and facilities. These costs vere assessed to be both 
reasonable and complete. 

2. The Centaur G' cost per flight of 455 million FT83 dollars is 
composed of a development cost of $6$ million JT83 dollars amortized over a 
ten vehicle buy, a recurring coat per flight of $$5.3 million and a cost of 
money addition of $3-3 million per vehicle. These costs assume the Centaur C 
is provided separately from the T3JBy Vaile ve base not made an element by 
element analysis of Centaur costs, the historical data base combined Kith 
NASA's recent quote of $50 million as the per launch cost of a Shuttle/Centaur 
gives confidence that the $55 million launch cost used in this study is 
reasonable. 

B. Atlas U/Cetitaur Q' 

1. The cost per flight of the Atlas Il/Centaur G' has been esti- 
mated at $207 million FY83 dollars. This cost 'is composed of a $160 i&lloa 
FT 83 dollar cost per launch for the Atlas II and a $$? million FT 83 dollar 
cost per launch for the Centaur G'. The $160 million FI83 dollar cost per 
flight of the Atlas II is composed of a $^52 million development cost 
amortized over a ten vehicle buy, a recurring cost per flight of $96.8 
million, and a cost of money addition of $18,3 million. While sufficient data 
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was not available to malce an eleEjent-t>y«element analysis, an assessment from 
historical data for a smaller Atlas indicates that both the non-recurring and 
recurring cost may be overstated. 

2. The Centaur G* cost per flight of $47 oillion FT83 dollars is 
composed of a development cost of $63 million FT83 dollars Mortised ore? a 
ten vehicle buy, a recurring cost per flight of $36,9 Billion, and a cost of 
aoney addition of $3,3 Billion. This cost assumes that the Centaur G' is 
procured on the same contract as the Atlas II due to the common manufacturer. 
This explains the lover Centuar G> cost per flight when used with the Atlas II 
versus the T34D ? , Again, »hHe sufficient data is not available at this time 
for an elefflent-by*eleaent analysis, this qost is' believed to be complete and 
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1. The estimated cost per flight of the S8B-X/Centaur G' data is 
$257 -aillion FY83 dollars. Tbi3 cost includes a development cost of $7$3 
million FI83 dollars amortized over a ten vehicle buy, a recurring cost per 
flight of $133 million and a Centaur recurring cost per flight of $50 mil- 
lion. These costs are based upon the HASA funded study supplemented to provide 
for Government launch support and range operations. These costs appear 
reasonable to a first approximation, but are for a Government development 
program. A commercial development would add the cost of money to the above 
costs. 

The Centaur cost is $5 million less than the figure quoted for 
the Centaur used on ?34&<t because no cost of money ($3 million) is included. 
Tiie UASA study did not consider the SSB-X to be a coumercial procurement. 
Also, $2 million of amortised launch pad modification costs are not required 
since any pad modifications should be ainimai (uses Shuttle launch pad). 
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IV - COST COKPABISON 

A. DOD launch scenarios, wherein two commercial ELV launches per 

year are substituted for two Shuttle launches, are compared. The coat com- 
parisons reflect the Air Force use of either of the tvo commercial ELYs - the 
T34WCeataur G' or the Atlas II/Centaur G'. Factors considered in these 
comparisons are: 

- Costs incurred through ELV development, production, and 
launch. 

- Coat avoidance accrued from Shuttle flight charge. 

- Savings accrued through reduced Shuttle security expen- 
ditures, 

- Shuttle flight rate effects, 

- Effects of dual integraton of selected Air Force pay- 
loads. 

Ban cost elements, when applied against the 086 POK mission model (Figure 
17-1), comprise the basis for comparison of the two launch scenarios. The 
following paragraphs summarize the factors considered in this comparison and 
the results. 

1. ■ ELV Costs 

The costs incurred for the commercial &Vs reflect a production 
rate of four vehicles per year and a launch rate of two vehicles per year (ten 
vehicles total). The vehicle payment was made in January of the -year prior to " 
launch, identical to the Shuttle payment schedule. The cost per flight for 
the T3«ycent a ar G< and the Atlas II/Centaur Q' were $170 million FT83 
dollars and $207 million respectively. 

a. Cost avoidance of flying two payloads per year on Commercial 
EL7s is realised in the year prior to launch, The Shuttle Ml-cost-recovery 
co-st estimate was derived from the latest HASA available data, POP-83-2. The 
estimate reflects a Shuttle cost of $133 million H83 dollars (#8.1 million 
ET75 dollars). The savings from deleted Shuttle flights were based upon these 
costs and the Air Force mission model presented in Figure 17-1* 
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b. An additional cost savings is realized through the elimination 
of the optional service charge associated vith each Shuttle flight. To date, 
optional' service charges ranging from $1 million to $5 million FY83 dollars 
per flight have been charged. This coat spread is due to variation in mission 
and spacecraft flight planning and integration complexity. For this compari- 
son, an average complexity was assumed and a cost of $3 million per flight vas 
used. 

3- Shuttle Security Savings 

STS security elements which are flight rate dependent were 
reviewed and estimates made for saTings which sight be realized by the use of 
two commercial EL7 flights per year. Security related costs for JSC, KSC, and 
GFSC were determined and allocated into fixed and flight rate dependent cata- 
gories on a 40/60 percent ratio, respectively. Similarly, CSOC Shuttle Ops 
and Planning Complex (SOPC) costs were- divided into the same fixed/variable 
estimates. Based on current cost estimates there is a $50 million 1783 dollar 
fixed cost per year and a variable cost of $10 Billion per flight. However, 
recent discussions with NASA have failed to achieve concurrence with the 
fixed/variable cost ratio for the NASA elements. BASfl maintains that the costs 
are 1005? fixed, Therefore, the' savings for deleting two Shuttle flights was 
assumed to affect only the SOPC variable costs, which resulted in a savings of 
$6 million per year per flight. 

Shuttle increased launch costs only occur should the Air Force 
deleted flights not be resold by NASA. This comparison assumes that the two 
Air Foroe deleted flights will be resold-- the most likely scenario. In the 
unlikely event these flights are not resold, a cost impact could be 
experienced by the remaining users. These costs are composed of both fixed 
and variable costs. In order to properly assess -the sensitivity of Shuttle 
flight charge to flight rate, Shuttle flight dependent algorithms were deve- 
loped. These show a possible flight charge impact of $H million H83 dollars 
(KSC flight) and $2.4 million (YAF8 flight) to each remaining user for each 
flight that is deleted and not resold.. 
5. Paal Eaylgad, integration 

Three Air Force satellite programs, DSP, DSCS and MILSTAR, were 
selected for dual integration. Costs for dual Shuttle/commercial ELV non- 
recurring and recurring integrations were identified. Likewise, any 



spacecraft cost impacts created by the requirement for dual integration were 
identified. The resultant cost impact from the launch vehicle integration 
viewpoint was identified as a $? million then year (tY) savings, Similarly, 
the spacecraft cost impact for duel. integration was identified as a $51 
Billion N cost. 

Launch scenario comparisons were made where either the T3i*D-/ 
Centaur G' or the Atlas II/Centaur G» was substituted for two Shuttle flights 
per year for a five^year period. The TS^iy Centaur C comparison (Figure IV-2) 
identifies an Air Force eost savings of $1*7 Billion ft dollars for the five 
year period, The Atlas II/Centaur C comparison (Figure 17-3)' differs froa 
that of the Titan S^/Centaur C in that it reflects a cost increase of $288 
million Zt. This results from the higher cost per flight of the Atlas II 
compared to the T34D^. As previously noted, because of its high cost and late 
availability, so launch scenario comparisons were made with the SEB-X for this 
study. The SBB-X will continue to be examined in expanded concept definition 
studies currently under contract. 
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V - LAUNCH OPERATIONS 

Launch Complex 41 (LC-11) at Cape Canaveral APS will be used to 
launch the upgraded T34D 7 or Atlas XI Expendable launch Vehicles (ELVs). The 
last user of LC-ll1 was the Titan HIE Program is 1977. Refurbishment of the 
complex is required to make it operational, lie launch stand Kill also re- 
quire modifications to accommodate the chosen vehicle. Launch pad refurbish- 
pent and modification costs have been incorporated in this atudy. 

Other facilities for storage and processing the various segments 
of the ELV will hare to be dedicated. tC-36 Centaur processing capability 
will be used directly or through landline from LC-iit, 

Both ELV configurations are proposed for on-pad buildup of the 
launch vehicle with the SHHs and Centaur mated at LC-41. The payload will be 
encapsulated in the upper portion of the payload fairing and mated last. 

With either proposed vehicle system, there is an impact on the 
launch site. Refurbishment will be required on the Mobile Service Tower (MST) 
and Umbilical Tower (UT) to provide service and access to the vehicle "and 
payload. Although launch complex studies were made for the Titan during the 
Manned Orbiting Laboratory Program, early definition of design details will be 
required. The proposed schedule provides adequate time to accomplish the 
required facility modifications and, therefore, is considered a low risk. 
B. SRB-X 

Operation of the SHB-Z class vehicles from NASA STS launch 
facilities at KSC appears to present some problems. Some modifications and 
additions {such as a payload processing facility) may be needed. If the 
operation is to be a commercial enterprise, the operators being NASA for the 
Shuttle and contractor personnel for the SRB-X, there may be some difficulty 
in reconciling conflicts between the NASA STS use of the facilty and use by 
the commercial SRB-X interests. The dissimilar launch processing flow for 
two SBB-Xs, coupled with 22 Shuttle flights per year will have to be reviewed 
for adequate time line margins to ensure mission capability. 
C paylpads 

The identification of candidate payloads concentrated on those 
spacecraft planning or considering future launches with the STS/Centaur G, 
Dual integration on SIS/Centaur and ELV/Centaur wilJ provide the required 
flexibility for assured access to space for critical BOD payloads. If Integra- 



tlon can be timed to coincide Kith an already planned satellite blo^k change; 
cost impacts can be minimized. 

Three USAP spacecraft programs are viable candidates to be 
launched on the two ELVs per year and to retain onpfttlblUty with the S!S. 
Ibese candidates are described in the classified annex to this report. 



VI - PROGBAMMATICS 

A. Cpntractfofl , Approach 

The commercial ELV program assumes a fin fired price procure- 
ment of ten or sore ELVs launched at a rate of two per year with the first 
launch in early FI89. The contractor is required to finance development, 
production, and launch services. The DOD contract will be structured to make 
payment one year prior to launch, with the contractor recovering non-recurring 
costs spread over the initial quantity of DOD launches, fee BOD contract, to 
be awarded by 1 Oct 84, will stipulate a cancellation liability for all costs 
up to a predetermined ceiling incurred by the contractor in the event the 
program is cancelled and the total quantity- of DOD launches is not purchased. 
Considerations for contract length and scope cause alternative fixed price 
contract types to be considered. 

Three alternative pricing arrangements suitable to this procure- 
ment are available under fixed price type contracts; . Brm-Fixed-Priee (FFP); 
Fixed-Price Incentive, Firm Target (FPIF); and' Fixed-Prica Incentive, Succes- 
sive Targets (FPlS). Although from a policy standpoint, FFP contracts are the 
preferred type, this acquisition leaves some question as to its suitability 
because of the long period of performance* An FPIS arrangement would provide . 
the Government the option to ineentivire the contractor to control costs and 
reduce the overall costs of the program to the Government. The problem of 
length of contract remains at the outset and requires an additional negotia- 
tion at a later point in tine. Tnis approach does, however, mitigate to some 
degree the problem of length of contract by alloying for adjustment of con- 
tract price at a point in time where a greater amount of cost 
information would be available. The only other mechanism for reducing the 
inherent risk would be to award a Phase I contract for the initial launches 
followed by a Phase II contract for the remainder of the program. Any of 
these approaches can he structured with effective performance incentives. 
C Special flBthPrttT 

Sith the following authorities, existing DOD acquisition policy 
and regulations can accommodate this acquisition. 

1. Cancellation liability authority will be required, at the 

latest, by contract award, The exact approach to seek and obtain 
Congressional commitment to this arrangement is unclear, however, special 
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.legislation may be required. 

2. Allocation of non-recurring cost over the POD portion of this 
program does not account for current SOD policy on recoupment of non-recurring 
cost. 

3. Depending on the proposal approach taken by the contractors, 
cost of capital will be a substantial cost input. Since interest cost is not 
allowable on a DOS contract, a work-around will be required, it a minimum, a 
BAB deviation is required to allow Interest cost incurred by tbe contractor. 

1. 



Dae milestone schedules for the commercial ELV require that with 
an authority to proceed of 1 October 19811, the contractor will provide a first 
launch capability on 1 October 1 988. A mininma launch rate of two BOD mis- 
sions per year for DOD-aissions is required, however, additional coaeercial 
launches may be conducted. Both the 73&>q and Atlas II milestone schedules 
meet these tiae spans but with varying schedule risks. 

The 53®- deveiopuent plan identifies a ^o-uonth developaent and 
test program providing a potential 8-month contingency. Hie I34D^ launch 
operations plan indicates a planned 26" week activity from hardware delivery at 
the launch site through launch and pad refurbishment. 

The Atlas II first article development and delivery schedule 
shows a 48-month plan to achieve the 1 October 1988 launch capability. Two 
critical program paths determine the 1 October 1988 launch availability. One 
is tbe delivery of the liquid rocket engines, the second is the design, 
manufacture and test of the thrust structure, 
2. £BM 

The. NASA study estimates that the SEB-X concept could be devel- 
oped within 54 aontha from ATP to first flight. This does not include time 
for trade studies, concept selection and competitive selection of a develop* 
aent contractor. This activity would add at least an additional 24 months to 
the schedule. Necessary facilities modifications could be accomplished within 
this same time period. A concern here wpuld be tbe non-interference with on- 
going STS operations while the facilities changes are in work, 



vii w couansioss 

The DOD Space Policy, as approved by the SecDef and provided to 
the President, defines a need for the BOD to maintain a complementary launch 
system to the Shuttle to provide "high confidence of access to space." This 
report presents alternatives to provide the required complementary launch 
capability while maintaining DOD's overall coaaitiseflt to the Space Shuttle. 
2aese alternatives are the Etoy/Centaur C, the Atlas II/Centaur G l , and the 
SRB-S. 

The technical analyses indicate that an? one of the three 
vehicles can provide the required Shuttle equivalent performance of 10,000 
pounds to geosynchronous orbit and the pay load volume of 15 feet disoeter and 
40 feet length, fill three vehicles require development work. The T3ilDir and 
the Atlas II are modifications to the existing ?34D and Atlas G launch 
vehicles, The Centaur G' is an adaptation of the Shuttle Centaur, The SRM 
is developed from Shuttle Solid Socket Boosters, the T^D Stage II, and the 
Centaur. 

The co3ts for the commercial ELvs {IS'llyCentaur G* and Atlas 
11/ Centaur G') have been reviewed aod-found to be properly scoped, Tae costs 
, are of such a magnitude that t&e vehicles appear to be viable candidates to 
complement specified Shuttle flights. To make commercial ELYs commercially 
viable, a 10 vehicle buy to be flown at a tyo per year rate is required of DOB 
with the development c03t prorated over the 10 vehicles. The vehicles would 
be paid for by the DOD under the same arrangeaeuts aa for a.Sfcuttle flight, 
i.e., one year before launch. The cost per flight and initial launch capabil- 
ity of an SK&-X under the same grousdrules are such that it does not presently 
appear to be a viable candidate, 

The probability of impact to the Space Shuttle flight rate by 
the introduction of two ELVs per year appears snail. In light of the large 
volume of traffic contemplated by MSA (up to $Q missions per year), the 
President's message on the vast potential for commercialization of space, and 
the added flights required for the recently directed Space Station, HASA's JM 
flight per year Shuttle flight capability will probably fall far abort of the 
deaand. The resale of two DOD Shuttle f&ghts per year in such an environment 
appears to be a virtual certainty. Thus, in addition to the immeasurable 
benefits of providing a complementary system for assured access to space, the 
effect of tvo ELVs per year for DOD payloads could be to save DOD launch 



costs, lower NASA capital expenditures for additional launch facilities, and 
not impact the remaining Government, commercial, and foreign users. 

The desired need date for the commercial ELV would be a first 
flight in early PISS vfcieh dictates e contract etart date in early FI85 for 
the commercial ELVs. A preliminary schedule assessment indicates that the 
13^/ Centaur and Atlas H/Centaur san meet the schedule while the SRB-X 
cannot. 

Efforts should continue to refine the concept? receive firm 
eosts, and procaed with procurement of the commercial ELV to provide a first 
launch in earl; FI89. Ihls vehicle will provide a complement to the Space 
Shuttle, thus assuring the Ration's access to space. 



L Requirement? 

The upgraded Expendable Launch Vehicle (BIT) performance 
capabilities will be determined on the basis of launch from Eastern Space and 
Missile Center (ESMC), The vehicle lust be able to deliver a 10,000 pound 
spacecraft to geosynchronous orbit (CEO), The vehicle oust also have the 
capability to vary the inclination of this orbit up to 65 degrees. In 
addition the vehicle must deliver a spacecraft weighing 11,500 pounds to an 
elliptical orbit which has a period of 12 hours, is Inclined at 6SA degrees 
and has an argument of perigee of 2?0 degrees. Upgraded ELVS must accommodate 
a spacecraft envelope defined as a cylinder 40 feet long and 15 feet in 
diameter. Some truncation on the forward location of the spacecraft say be 
permissible on a program peculiar basis. 



1. ^gntaur.Ppper St a ge 

In October 1982 the Air Force and NASA reached agreement on the 
principles for design, development and procurement of a common Centaur G upper 
stager This upper stage is being developed in two unique versions for use 
with the Shuttle. The first version to be deployed is the NASA-unique con- 
figuration, designated Centaur G'. This version becomes operational in 1986 
for the Galileo and Solar launches, The Air Force version of this upper stage 
is designated Centaur G and trails the G' development by a few months. Both 
ELV configurations would use the Centaur G 1 vehicle as the baseline upper 
stage. For operational compatibility, the forward interface of the G* vehicle 
would save to be modified to accommodate the SOD payloads. Satellite 
mechanical attach points antt electrical interfaces will be duplicated for the 
SLV/Centaur. Additionally, there will be unique design modifications required 
to eliminate some of the Shuttle-peculiar equipment such as attachment 
outriggers, propellaat dump system, dual failure tolerant arm/safe sequence, 
and vents and to also adapt the Centaur G< to each of the expendable vehicles. 
Figure Al-1 depicts the Centaur G 1 and the general changes required to adapt 
it to the Atlas II vehicle; however, some of these changes, such as addition 
of a range safety system, would also be applicable to Titan and SfiB-I. At 
this time, it appears that there are no major development obstacles to readily 
integrating the Centaur G' vehicle as it is being developed to an expendable 
launch vehicle. 

2. aiianJiL 



The improved Titan 3SE with 3even segment solid rocket motors 
and stretched Stages I and II is an upgraded expendable space launch vehicle 
that will provide the Government, with increased performance capability over 
that presently available in any expendable vehicle configuration. 
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The improved Titan 3HD vehicle as presented in Figure AI-2 
draws heavily from its predecessor Titans. The solid rocket motors (SRMs) are 
the same as used on current Titan programs except they are lengthened from 5- 
1/2 segments to seven segments. Stages I and IX are the same, including 
engines, as used on current Titan programs except the fuel ai)d oxidizer tanks 
is both stages are lengthened. The interstage adapter between Stages I and U 
is .strengthened to accommodate the stretched vehicle. 

Software currently used on the Titan 341) Transtage program will 
be used to the maximum extent practical. Minor changes vill be necessary to 
accommodate vehicle checkout and launch requirements. 

The Stage II vill mate with the Centaur and the payload fairing 
through an interstage adapter (ISA) similar to that used for .the highly 
successful Titan IIIE/Centaur program that flew HASA interplanetary missions 
during the 1970s. 

The payload fairing will be a .new design fairing. However, the 
fairing is not without precedence since a similar bulbous .type fairing (14 
feet diameter) was launched very successfully on the Titan IIIE/Centaur 
program.. 



1) Solid . ■Bpofcet„Hotors fgflns). Two seveft-segmeht solid rocket 
motors (SRHs) form Stage "0" of the improved Titan 31D vehicle. Stage "6" 
consists of the propulsion (motor case with internal insulation, solid 
propeliant and nozzle), structure, ordnance, thrust vector control (TVC), 
flight, instrumentation' and electrical systems. 

The seven, segment SB was originally developed by the Air Force 
for the Till Manned Orbiting Laboratory program. The major difference between 
a seven segment solid booster and a 5-1/2 segment solid booster on the current 
Titan 3W configuration, is that in addition to the added segments, the 
forward closure skirt is 40 inches longer, the three aft segments will have 
slightly thicker insulation, the aft closure insulation contour will be 
modified, the throat will have a larger throat diameter with a larger 
expansion ratio and the. exit cone extension is larger. The aft skirt will be 
a welded structure due to the lead time for forging. The seven segment SRM 
ballistic performance (total impulse) increases 30$ from the Titan 34D SUM 
configuration with a burnout weight increase of 13,860 pounds for each SRM. 

2) Ug ili tl fi ft flfet Endues (\ .H?X The Stage I propulsion system 
has two engines that provide pitch, yaw and roll control. Stage II has one 
engine that provides pitch and yaw control. Stage II roll control is provided 
by ducting turbine exhaust gases through a swiveled roll control nozzle. Each 
engine has a regeneratively-eooled thrust -chamber, gas generator, start 
cartridges, connecting plumbing, electrical and instrumentation wiring 
harnesses, pressure components, turbine pumps, and an ablative nozzle 
extension. 
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3. S qce, Ve .hl o .le 

a. Stages I and II 

Both tie oxidizer and fuel tank in each core stage will be 
lengthened in comparison to the current Titan 3® core vehicle configuration. 
Stage I vill be lengthened approximately 83 inches overall and Stage II 
approximately Hz inches overall. This type of design change has a Droves 
highly reliable history on the Titan Program 

Both core stages use Btorable liquid hypergolic propellants 
that can remain aboard in a launch-ready atate for extended periods. The 
fuel, Aerosine 50 (A50} } is a blend of 50J hydrazine and 50$ unsynmetrioal 
dim ethyl hydrazine (PDtlB), Hitrcgen tetroxide is the oxidizer. The liquid ' 
rocket. engines are hydraulics! iy gimballed and fed by turbine pumps. The 
propellant tanks are pressurised on the ground Kith dry nitrogen. An 
autogenous pressurizstion system using cooled fuel-rich turbine exhaust gas 
for the fuel tank and vaporized nitrogen tetroxide for the oxidizer tank 
maintains the in-flight pressure requirements. 

b. Guidance 

The improved titm 3tt> vehicle avionics system vill use the 
same components currently being used in the Titan Transtage for .the Titan 
portion of flight. Minor changes to the guidance and control software vill be 
required. The components will be supported on modified Transtage trusses 
located between Stage II and Centaur. 



This system will provide the capability of collecting measure- 
ment data on the vehicle during checkout, launch and flight. The data stream 
will be provided to an RP subsystem for transmission and by landline to the 
ground equipment. The data system will consist of: remote multiplexed instru- 
mentation subsystem (converter unit and remote multiplexer units), reference 
power supply, voltage distribution units, signal conditioners, end instru- 
ments, interconnecting cabling, address and data bus connectors, and an Sf 
subsystem (S-Band transmitter, coaxial cabling and broadbeam antenna). 



The flight safety system (PSSJ qonsists of two systems— the 
command shutdown and destruct system (CSES), and the inadvertent separation 
destruct system (ISDS). 

Either system has the capability to destroy that portion of the 
vehicle to which it is electrically connected. The CSDS has the additional 
capability of shutting down Titan core engines without destruction. The CSDS 
responds to commands transmitted from the ground and while the ISDS is 
activated and certain electrical paths are interrupted as a result of 
inadvertent separation of stages in flight. The command shutdown and destruct 



system will consist of two command receivers, 3 multipart Junction, two 

antennas, coaxial cabling and interconnections with the ordnance subsystem. 

e. Power Subsystem 

The poser gystess for transient power and for the flight safety 
system will be basically the same as the systems currently in use on the titan 
34D/IBS vehicle. The poser system for accessory (general) power, guidance 
poser and instrumentation power will be basically tcs sane as currently used 
on the Titan 34D/tranatage vehicle. Trusses, cabling and component mounting 
will be modified or redesigned to accommodate an inertisl system on Stage XI 
of a Titan 34D vehicle. The umbilical configuration -Kill be like that used 
for Titan 34D/IBS, and all batteries will be of a silver sine type and of 
designs currently in use. 

f. Faisal faking 

A comprehensive study and a detailed preliminary design of a 
200-inch dianeter improved titan 34D Payload fairing (Fig AI-3) was completed 
in early tgSt- 5fae study included preparation of layouts to define configura- 
tion requirements! and preparation of analyses to verify conformance to 
strength, thermal, acoustics, mass properties, and cleanliness requirements. 
Testing was accomplished.to verify the separation Joint to be satisfactory for 
the 200-inch diameter configuration. Trade studies were completed, basic 
interface requirements were established, ground support equipment needs were 
established, and a factory to launch site handling fie* plan was established. 

The design approach for the improved Titan 34D/200-inch 
diameter payload fairing is to use the same design concepts as those used on 
the Titan 3WHTS payload fairing. The structural shell will be of isogrid 
construction and can be machined using the sane faculties used tq fabricate 
the Titan 340/153 isogrid payload fairing hardware. The payload fairing will 
enshroud the Centaur upper stage and provide a 15 ft dia I 40 ft length 
spacecraft envelope equivalent to the Shuttle/Centaur G. 

It is anticipated that a circumferential field joint will be 
required at the general region of the upper end of the encapsulated Centaur 
stage. This field joint sill be similar to the field joint at the upper end 
of the HIS on the Titan 34D/IUS isogrid payload fairing* The base cylindrical 
section and the forward cylindrical section will each consist of six isogrid 
skin sections of appropriate length. £coes3 doors, as required for spacecraft 
and Centaur servicing, will be similar to the Titan 34D/IBS isogrid access 
doors. These doors are designed as load carrying access doors and are 
configured to fit the isogrid pattern. 
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The commercial Atlas XX/Centaur being proposed to Space 
Division is 6 1 80 foot long x 200 inch constant diameter vehicle as illus- 
trated in Figures AI-4 and AI-5* This diaaeter was selected because the 
payload fairing oust envelope 15 foot diameter payloads. Thia constant 
diameter minimizes aerodynamic stability and vehicle buffeting loads. effects. 

The baseline propulsion system will consist of five liquid 
engines, four solid rocket motors, and two roll control modules. Except for 
the roll control modules, all engines vill be ignited at T-0. The four solid 
rocket motors vill be Jettisoned at T+1 00 seconds. At booster stage cutoff, 
the four liquid propeilant engines vill be shut flown and jettisoned as part of 
the booster thrust structure, and the two roll control modules will bs 
activated to provide roll control during the remaining sustaiser flight phase. 
This is similar to the present Atlas, except it has only two booster and one 
sustainer engines, no solids, and tvo vernier engines for roll control. 



Atlas II / Centaur G- Prime 
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The baseline Atlas II pneumatic system consists of the 
propellent tank pressurization system, 3 liquid oxygen boil-off valve, the 
propellent tank intermediate bulkhead differential pressure system, and the 
propellent task programmed pressure/booster separation system. The -concept is 
similar to the Atlas vehicle configuration, vith tfce primary difference being 
one of sizing for the larger tanks. 

There are minimal changes planned to the current Atlas avionics 
hardware. The moat extensive change vill be eny redesign required to 
recualify the avionics packages to the higher environments which result from 
the added thrust of the five liquid engines and four SHMs during the boost 
phase of flight. 

There vill be minor modifications to the electrical system 
harnesses due to the additional retrorocket relay box and the new propeliant - 
utilization, system, but the existing battery capacity is adequate for the 
Atlas II application 

To accommodate the additional requirements of the Atlas II, 
there will be modifications required to the Sequence Control Unit (SCEO to 
provide additional discretes, and to the Servo Inverter Unit (SIU) to provide 
the global control servos for the five liquid engines. 'No design change is 
'anticipated to the basic Centaur inertia! reference unit and digital computer, 
which ere used for guidance acd control of the entire Atlas II Centaur 
vehicle. In order to satisfy range safety requirements, the basic Atlas 
Centaur tracking and flight teralnation systems must be added to a Shuttle 
Centaur stage when flown on an Atlas lit 

b. M - Mtemg 

1) Solid Rocket Motors CSRMs) 

The SRHs proposed are 5.6 feet in diameter by 51 feet long and 
produce 7.5 t 10 6 lb-sec total impulse. The SHMs vill be made in two 
longitudinal segments to facilitate handling and installation. 

Two SBH designs are under consideration. One is a derivation 
of the Castor IV HLZ flown on the Thor vehicle and manufactured by Tniokol 
Chemical Corp. The other is based on the Algol 2118 flown on the Scout 
vehicle and manufactured by Chemical Systems Division, United Technologies. 
In either case, modifications are required to meet Atlas II requirements. The 
contractors have chosen relatively low cost, proven construction materials 
which should minimize problems during development. 



The current Atlas launch vehicle uses the Rocketdyne HA-3 and 
Hfl-5 liquid rocket engines—two boosters and one sustainer. These engines are 
similar to the H-1D and the BS-27 engines flown on the Saturn 1B and Thor 
Delta vehicles respectively, and proposed for the Atlas II, Many components 
are common to the three configurations and have a long flight history, the H« 
ID end the HS-27 have nearly identical performance and employ the ease 
turoopmup and thrust chamber assemblies, although the packaging is different 
OB the B-1Di the turbopump is gimbaled with the thrust chamber, whereas on 
the HS-27, only the thrust chamber is gimbaled end the turbopump is attached 
to the structure. Atlas II has four booster engines and one sustainer engine 
of approximately 205,000 lbs sea level thrust each. 

She third engine configuration considered is an engine manufac- 
tured by Aerojet and is an adaptation of the engine currently used on the 
Titan in Stage I, modified to use the Atlas propellants, BP-1 and LOX. 
Thrust of the engine is approximately 283,000 lbs at sea level. The installa- 
tion of the four boosters and one sustainer would be similar to the RS-27 in 
that it also utilizes only chamber gimbaling. 

Figure Al-6 compares the three candidate engines. - 

■ Any of the LBEs will require modifications for extended burn 
times of the sustainer engines (about 375 sec.) and minor changes in the 
hydraulic system. 



The Atlas II booster thrust structure (Figure AI-7) is similar 
to the current Atlas system. The basic difference is its 200 inch diameter. 
The thrust structure absorbs the thrust loads from five liquid rocket engines 
and four solid rocket motors. 

As with the existing Atlas, the thrust barrel acts as a support 
platform for the entire vehicle and provides aerodynamic and thermal 'protec- 
tion for the booster engines and internal equipment The barrel is attached 
to the fuel tank ring with separation latches and will be guided on Jettison 
rails when the latches are released for booster staging. 

Three liquid engine candidates have been investigated: Rocket- 
dyne H1-D, Rcoketdyne RS-27, and Aerojet engines. The thrust structure 
required for each LHE system is similar, but because of the engine candidates' 
differing locations and sizes, the requirement for nacelles range in size from 
very large for the H1-D engines, to nonfat all for the Aerojet arrangement 
requirement. However, the Aerojet system will require external pods to house 
pressurisatioc bottles because there is not sufficient room to mount thea 
inside the thrust barrel. 
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The second stage is not recoverable and consists of two of the 
standard SRB segments, k new grain design and nozzle geometry are required to 
achieve the needed acceleration and thrust profile* Boll control during 
second stage burn Is provided by tbrusters mounted in the forward aJCLrt. 

Stage three Is a nodified Titan Stage II, Principal modifica- 
tions Include increasing the propellant loading by 50$ to a total of 101,000 
lbs and converting to a Columbian engine skirt to accommodate the longer burn 
" tine, The--MW engine skirt also has a larger expansion ratio giving a 3-sec 
improvement in specific impulse. Engine thrust level is 100,000 lbs. 

The payload shroud is 200 inches in diameter and was sized to 
accommodate a 15 foot diameter payload with length sufficient for a standard 
Centaur D-1T plus 50 foot long payload. Thermal considerations dictated 
design features of the nose cone. The fourth stage is basically a Centaur 
with some structural modifications to accommodate this application. 
Separation, as well as shipment of the large structure, dictated a shroud 
design with three longitudinal sections, each divided into lengths to cover a 
wide range of payloads (Figure AI-10). 



UtalL& fy Performance 



The Titan launch vehicle configuration was driven by the energy 
requirements of the geosynchronous mission, which has tha highest requirement 
of the nissions defined. The trajectory shaping and optimization techniques 
for thi3 mission are sell understood because of the many years of experience 
in flying such missions in the Titan III and 3tt> programs. 

Detailed trajectory simulations for the geosynchronous mission 
and the 12 hour elliptical orbit mission were made. These simulations 
demonstrate that the proposed T3fD 7 configuration will deliver a spacecraft 
weight of 10,200 lbs to the geosynchronous orbit and In excess of 15,000 lbs 
to the \Z hour elliptical orbit (structural capability is limited to 11,500 
lbs) with the Centaur 0' upperstage. ■ 

Missions with inclination requirements of from to 35 degrees 
can be accommodated by launching within the currently approved flight safety 
corridor for Titan 31& Higher inclination missions will require launching 
the vehicle on a northerly azimuth such as the 35 degree azimuth which has 
been approved for Shuttle (STS) launches. This azimuth was U3ed for the 
simulation of the 12 hour elliptical orbit mission. 



Shroud Design Features 



> a= 5000 PSF - DEG (STRUCT DESIGN) 

• FBR UNIT LOAD * 20,000 LBp 
•FBR SPRING CONST »20,0G0 LB/IN. 




> 27.4 FT. 

• ALUM STRINGER 
STIFFENED SKIN, t - .170 

• STIFFNESS DESIGNED 
(SHROUD DEFLECT. AT FBR, 
VEH. LOWER MODE FREQ. 
lit BENDING) 

• SSCOLB. 



FORWARD RING ASSY. 



• 1.3 FT. 
.ALUM TRUSS 

• 2320 LBS 



LENGTH' 122.4 FT 
MAX OIA. = 18.7 FT 

WEIGHT" 19,700 LBS 



2. AUaaJIMawJsrjfaraanw 

The proposed configuration is a growth version of tbe Atlas/ 
Centaur vehicle which iiaa been studied by GDC over the past several years. 
Vbile the configuration represents a conceptual design the concept utilises 
flight proves hardware. In order to size the vehicle, a baseline reference 
trajectory simulation was developed to provide the design 11,000 lbs 
{including 1,000 lb margin) payload system weight. 

the quoted performance. capability is based on efl assumed set of 
trajectory design ground rules and constraints as well as mass property esti- 
mates for hardware which is yet to be built. While these assumptions and 
estimates appear to be reasonable, they will be sore 'precisely defined as the 
contractor study proceeds. 

It should be recognized that the configuration and data pre- 
sented above represent a baseline- -for preliminary design and study purposes, 
and are not intended to exactly represent the final design. From a perform- 
ance standpoint, there appears to be minimal technical risk for the selected 
configuration; that is, except for some variations in weights, the hardware is 
expected to- perform essentially as predicted. Any perf omanee risks are 
associated with the present uncertainties in the trajectory ground rules and 
constraints. .Any changes from the' assumed baselines can be easily handled by 
a slight adjustment to the SUM sizing. 



The SHB-X performance is based on data and analysis contained 
in an exploratory concept study. The- system configuration is very preliminary 
and the performance is based on an exploratory concept with estimate weights 
and performance constraints. These data were reviewed for the commercial ELT 
requirement. The geosynchronous performance for the four stage SEB-X/Centaur 
vehicle from KSC is approximately 12,000 lbs. Gross lift-off weight is 
approximately 3.1 Billion lbs. 



VEHICLE OKffiH POTENTIAL 



Although this vehicle configuration la approaching the limit of 
its current design concept, there still remain inproveaects that could be matte 
to increase performance. Such improvements include: 

a. Modification of the solid rocket motor nozzle control 



d. Provision for an extendible nozzle on the Stage II liquid 
rocket engine. 

Accomplishing all of the- improvements stated could result in a payload capa- 
bility increase of 600 to 700 lbs for the geosynchronous mission, 

la addition, the vehicle contractor has performed studies of a 
large diameter core vehicle using either two, four, or sis solid rocket 
motors. Such vehicles have significantly improved performance capabilities 
utilising significant amounts of Titan technology. 



Confidence in the performance capability stated above is a 
result of several studies conducted over the past three years, 5aese include 
the Mixed Fleet Study conducted at aerospace in 1981, the Titan 3W Perfor- 
mance Improvement Study conducted by MMA and supported by Titan vehicle con- 
tractors in 1982( and a Titan/Centaur study conducted in 1993, Pertinent 
trade studies relating to performance involved solid rocket motor sizes, 
Stage I and Stage II extended tankage, upper stage vehicle size and capa- 
bilities) and payload fairing length requirements. 3ne relationship of these 
areas to structural design dynamics, control capability, ascent flight 
environmental constraints, launch facility modifications, etc., were studied 
and resulted in the proposed configuration. 



The primary growth potential for the Atlas/Centaur G 1 is cen- 
tered around Centaur improvements. As used in the study, the Centaur vehicle 
represents a minimum modification to the Centaur G 1 configuration designed for 
use in the STS orbiter bay. Considerable weight savings (or additional pay- 
load capability) could be gained by removing all hardware not required on the 
expendable launch vehicle (such as the propellant dump system). A performance 
increase as great as 600 lbs may be available. In order to maintain 
commonality with the STS/Cen;'.aur G 1 vehicle, these changes were not considered 



The concept exploration studies for the SKB-X explored a range 
of performance capabilities. Due to the preliminary nature of these studies 
vehicle growth potential in the context of the commercial ELV has limited 



ftUflLYSTB 

Structural Loads and Drnamlaa 



The structural loads on the improved Titan 310 vehicle will be 
larger than those observed on the present Titan 34D configuration. The 
increased loads are due to; 

- Payload fairing diameter and length increases, aBd 

- Stretch of the Stage I and II booster core. 

The increased loads will be compensated for in the stretched 
core design. Core stringer size and tank thickness sill be modified to accom- 
modate the increased loads. The same design changes will be employed as used 
on. previous Titan launch vehicle improvements. The anticipated design change 
la considered normal engineering. 

A feasibility study wag conducted is 1980 for a T3WCentaur 
vehicle which included the use of an 83 foot long i 14 foot diameter payload 
fairing. The airload placard 3tudy results showed an increase in core 
strength is required for U foot diameter payload fairings for lengths 
exceeding ?0 feet. 



a. Titaa MIW 

A major concern encountered in designing the flight control 
system (FCS) for a launch vehicle with a long, bulbous payload fairing is to 
provide adequate vehicle stability during the aerodynamic portion of flight 
and concurrently to provide a means of alleviating the aerodynamic loads on 
the vehicle. 



A Martin Marietta feasibility study conducted on Titan 340, the 
current Air Force launch p vehicle, was completed in late 1979' This 
configuration utilized the Titan ys> launch vehicle with a Centaur D1-T and 
the Centaur Standard Shroud (CSS) extended 25 feet (total payload = U feet x 
83.5 feet). The Titan IHD type analog FCC configuration was used, wltn USS, 
in conjunction with the developed ADDJCST program to minimize aerodynamic 
loads. Adequate nominal vehicle stability was shown for this long, large 
diameter payload fairing configuration* as veil as determining the required 
core beef-ups. 

Another Martin Marietta feasibility study using the Titan 3W> 
booster vehicle used the upper stage Transtage control module, including the 
Transtage digital FCS, and a 16.7 foot diameter x 53*25 foot length payload 
-fairing. Because of the large diameter payload fairing, the LASS/ADDJOST 
combination for load alleviation was baselined, Initial stability assessments 
during the study indicated that current Titan 3HD stability margin objectives 
could be met 

Additional stability assessments have been made for several 
Titan growth configurations including stretched core stages, seven segment 
SRHs, and various upper body/payload fairing configurations. Although this 
improved Titan 3® configuration has not been specifically assessed, the Titan 
Improvement Study considered both the Titan 3^D and the improved Titan 34D, 
both with ah IUS upper stage and a 16.7 font x 68 foot payload fairing. The 
initial assessment of this improved vehicle configuration is that an adequate 
cargin for flight stability yill be achieved. 



The inertia! guidance system is the same system as used on Titan 
34D. It will be used from lift off througn Stage II separation. The proposed 
software system for consideration is the Magic 352 with basic guidance and 
flight control functions that are used for Titan 3WTranstage. 

b. fltlaa II 

A stability analysis for the Atlas II/Centaur with a worst case 
(i.e., longest) payload fairing length is. to be conducted under the concept 
definition study to assess any control problems associated with this configu- 
ration. 

3. Propulsion Degrades 



The higher solids loaded FBAN propellent provides performance 
improvement by increasing propellant density find specific impulse. This 
potential growth is considered to be a low to moderate risk option, 



The optimum thrust profile could be optimised without exceeding 
any vehicle constraints by modifying the propellant burn rate and/or 
propellant grain. This is considered a low risk performance improvement. 



No performance upgrade plan has been identified for the Atlas II 
solid rocket motors. However, since the proposed motors are a modification of 
existing motors, that modification could be made larger if there were a need 
for added performance. 



Current Titan 34D engine designs have numerous performance 
growth potentials. Previous studies indicate thrust and specific impulse 
improvements well within state-of-the-art capabilities through both manufac- 
turing and design modifications. Some of these include electrical discharge 
la&chiaing (EDM) of injectors, performance balance changes, reduced injector 
fael.filo cooling, turbopump modifications, reduced hydraulic resistances, 
tighter manufacturing tolerances and increased combustion -chamber area ratios. 

d. Atlas Liquid Jtecke^ Enei ^ s 



II. BO0STF.1 COST ESTIMATES 

The booster cost estimates include all elements required to 
compare a Sop, Shuttle only, launch scenario with a launch scenario wherein 
two DOD missions per year are placed on commercial Bipeadable Launch Vehicles 
(FlVe). He cost ooiparlsons reflect Air (tree use of 1 t»o commercial EWs • 
the I3W./Cutiur V or the itlas 11/ Centaur 0'. ilso examined, but not 
pursued in equal depth because of considerably higher costs, was a shuttle 
derived vehicle (SUM) with (Separable performance capability. Analyses were 
performed to detenlne sensitivities to the cost forcing assumptions. Factors 
considered in these comparisons include: 



Cost avoidance accrued from Shuttle flight charges. 
Savings accrued through reduced Shuttle security 



- shuttle flight rate effects. 

- Effect of dual integration of selected Air Force 



These factors, when applied against the F18S POH mission model, 
comprise the basis for comparison of the two launch scenarios. A risk assess- 
ment addressing these cost estimates is presented in Section IV. A summary of 
the acquisition and operational cost estimates for the SRE-X launch vehicle is 
included. 

A. B.V Cost Estimates 

The development and operations costs for the T3^/centaur G' 
and Atlas Il/Contaur 0' vehicles capable of launching KD Shuttle equivalent 
payloads reflect contractor cost estimates evaluated and adjusted by Air Force 
analysis. These cost estimates are based upon a first quarter FI65 program 
go-ahead and an early FI89 lie. Payment for the vehicles will he made in 
January of the year prior to launch, identical to Shuttle payment. 

'• Btfycentaur ffl 

The T3flryCentaur G' represents modifications made to the T31D 
and the Centaur G 1 as'described in Section I. The cost estimates, are 
summarised in Figure AII-5. A cost 'risk assessment of these costs is 
presented in Section IV. The I3« 7 and the Centaur P will he procured on a 
commercial basis separately from the two contractors, each acting as associate 
contractors. The T3W 7 contractor will be the overall launch vehicle 
integrator 



Contractor restricted data-competition sensitive 



" The estimate represents a commercial coat approach 
developed during the Titan prepoaal activity which 
resulted in a firm fi«d price bid to Intelsat for 
these vehicles in 1963- 

- Range, propellants, government facility usage and 
program management oost3 are included in the estimate. 



The costs assume that existing eovironmental impact 
statements, approvals and range safety waivers apply. 

The existing mission aucoess system will be used on 
this program with all the disciplines currently 



Costs for holding critical production, launch crew 
critical skills, and any vendor start up costs prior to 
Program go-ahead have been included. 



The estimates of the T3^ 7 coo-recurring costs (excluding cost 
of money) are presented in Figure AIM. The recurring costs (excluding cost 
of money) for production rates of two and four vehicles per year (launch rate 
of two per year) are presented in Figure AII-2. Added to the costs are esti- 
mates of government launch support and range costs. The oo3ts, reflecting a 
production of four vehicles per year, have been structured to maintain a 
production capability through the five launch years by the retention of criti- 
cal skills and facilities, Because of the lower cost of the four vehicle per 
year production rate and the contractor's stated guarantee of the five year 
production capability, this rate has been selected as the cost data base. A 
summary comparing the costs for the various production and launch rates for 
the total vehicle huya considered is presented in Figure AII-3- Included in 
these costs are estimates for the cost-of-noney required for financing of both 
vehicle development and production costs. Centaur Q' costs are presented in 
Figure AIM. 
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\ Snritoarrtu Xogt Estimate . 1 J 
(Millions of f?83 Dollars? • 



Booster (T3%) 

Airframe Development and Integration 



liquid Engine-Stage XI Development 
Solids-SRH Segment Development 
Logistics and Spares 2) 
Payload Fairing Development - 200 in, Dia, 
Launch Site Befurbishment and Modification 
Program Heaerve 

Total Hon-8eeurring 



Kfttet 1} So cost-of -money included. 

2} Logistics & Spares included in Becurring Costs. 



Contractor restricted data-competition sensitive 



Booster 
Airframe 
Guidance/Avionics 

Liquid Engines 
Solids 

Logistics/Spares 2) 
Sub-Total 
Payload Fairing - 200 In. Bia. 
Launch Services 
Contingency Reserve 3) 

Sub-Total 
Governnent launch, Program and I 
Total Recurring 



13.0 
25.8 



Kote: t) Ho oo3t-of-noney included. 

2) Included in each booster element, in line with contractor 
historical cost data base. 

3) Estinate incorporates 5J allowance in separate cost elaneata to 
provide for historical cost variances. 

Figure AJI-2 
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T3(D T I»W frograa Coat Per night .Estimate 
((unions of PJ83 Mllrs) 



Total Total tots of Hot 

Vehicles .&jj££ M SBS! ISSSi .&& 

10 160 900 93.0 1153 115.3 

U 160 1263 116-0 1539 109.9 

20 160 1600 152.0 1912 95.6 

28 160 22* 210.0 2610 93.2 
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Centaur C Total Program Cost Per Flight Estimate 

(Millions of FI83 Dollars) 

(?or I3»t>,) 







te 


Centaur 


z&i^,. 


,-il.Z , 


Wt/Site Hods 


m.-i^. 


- 


Logtstisa/Spares 


A.. 


*5ii, , 


launon Serrlcea " 


.±_ 


iJJ^t 


Subtotal 2 ' 


&'iu2j 


w.8,,; 


Pro-Hate Hon-Becurrlns (10 7eMcles} 




M.e.-„ 


Gowrnaent launch Support 




i«3£ J 


Fiaanelag (Coat^of-aoney) 




ill 


total 




■ 55.0 



1) Launca rate of four per year vould reduce contractor launch 
aenioes two oillion per launch. 

2) The fairing is included in the 13^ costs. 
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T34tyCentaur G' Total Prog™ Cost Per fllsbt situate "' 2 '' 3) 
(Billions of P!83 Dollars) 



Launch Total . 

Bate MlSlSS 331% ' ^eitaar »' 5 > BM yOmtaar 8' 



115.3 


•55:0; 


^ayg 


1«M 


553.2^ 


afoli 


95.6 


".««.£ '. 


&®-i 


93.2 


%8.9;t 


tffiS 



3) Governaent launch, progran a 

4) fieference Figure AH-3. 
5)- Beference Figure Ali-A. 
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/ 



The,- Atlas n/cefttatip G* represents modifications to the Atlas 
IIB and the Centaury' .as described in Section L Tfcj/cost estimates are 
summarized is Figure AII-10. The sane general cost assumptions made for the 
13 W7 /Centaur G* (Section. XX.A.1.a} apply to these/Sstimatea. A cost risk 
assessment of these costs is presented in Section IV, Note that the 
excursions for various production quantities ^and launch rates done for 53^ 
are not repeated for Atlas II, Boweveiy'tt can be assumed that the same 
general relationships apply, / 



The estimates' of the Atlas XI nonrecurring costs (excluding 
cost of money) are presented in Figure AII-6. the recurring costs (excluding 
cost of money) for a production' rate of four vehicles per year and a launch 
rate of two vebiclea^per year is presented in Figure AIM, Added to these 
costs are estimates for government launch support and range costs* A summary 
of the total jehiele buy is presented in Figure AII-8. .Included in the cost 
is an. estimate for the cost of money for financing of botn'vehicle development 
and production costs. Centaur G 1 costs are presented in Figure AEt-9. 
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ATLAS II lion-Recurring Cost Estimate '' 
(Billions of FI83 Dollars) 


Booster Derelopteent 




Airframe 


M0 


Guidance/Avionics 2 ' 


- 


Liquid Engines 


MVj 


Solids ' 


£m,$ 


Logistics and Spares 


®mse 


fayload Fairing - 200 In. lia. " 


- 


Launch Site Hefurhisnttent and Hodificatioa 


&tsg 


Program Reserve 


"§Sfe^ 


■■ Mai Non-8ecurrlag 


#5% 



Hote: 1) Ho eoat-of-aoney included. 

2) Guidance/Avionics costs are- included in Centaur G' costs. 

3) Fairing ia included 1b the Centaur 6 l costs. 
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Atlas II Recurring Cost Estimate ^ 
(Millions cf U 83 Dollars) 



Airframe /ff25s$^ 

Guidance/Avionics ^ 

Liquid Engines ^20:0;^ 

Solids S.%i# 

Logistics/Spares J%&3C*& ' 

Sub-Total / iSTrfef 

Payload Fairing * 200 id, Pia. ^ — 

, Launch Services &$•$&? 

Contingency 12.8 , ' 

Sub-Total • 82.5" 

Government Launch, Program and Bange Support 14,3 

Total Recurring 96-8 

Sote: 1) No eost-of-mooey included. 

2) Guidance/Moaics is included in the Centaur G* costs. 

3) Fairing is included in the Centaur C costs. 
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Centaur C Total Program Cost Per Flight Estimate 

(Billions of FI83 Dollars) 

(For lUu II) 



Centaur 

OSE/Site Mods " 
Logistics/Spares 1 ' 
Launch Services ^ 
Payloae Fairing - 200 In, Dla, 

Subtotal 
Pro-Hate Non-Securring (10 Wildes) 
Government Launcn Support " 
Financing (Cost-of-iaoney) 
Total 



ttil??( 


«35SS 


«63 ; .'i, 


f5SS 




^6f3l 



Note: 1) Costs are included in Atlas II coats. 
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Atlas II/Centaur C Total Program Cost Per Flight Estimate 
{Billions of FI83 Dollars) 



1) Recurring unit cost of hardware, 

2) Cost of development asot-tlsed over a 10 vehicle buy. 

3) Government launch) program and range support, 
4] Reference Figure AII-S* 

5} Reference Figure AII-9* 
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3, g EB-X/Cen t.a.yjifi.?. 

The saB-2/Centaur C as defined in Section I offers & launch 
performance eomparabla to the commercial ELV. The cost estimates are 
summarized in Figure AIMS* A coat risfc assessment of these costs is 
presented in Section IV, Because thfl.SBS-X/Centaur G' does not appear to 
offer an economy of operations comparable to the connaercial &f t it has not 
been included in the launch comparison scenarios. 

a. Cost Estimates 

A summary of the Boeing Aerospace Company's cost estimate for 
the *M-t, as contained in Beport Ho. D180-273512 datad Fehruary 1983* 
submitted under MSA contract SAS 8-31722,- for nonreenrring and recurring 
costs is presented in Figures AII-11 and AII-12 respectively. Added to these 
costs are estimates for governaent launch support and range costs. A summary 
of the total vehicle buy is presented In Figure AII-13. Centaur G' costs are 
presented in Figure AII-14. 
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Booster Development 

Airfraue-Interstages, Integration, HanBgeaent 

Guidance/MQ&lca-Control Module S Software 

liquid Eogifms-ntt) 2nd Stage 

Solids-lst S 2nd Stage SBBa 

Logistics and Spares 
Payload Fairing * 200 In. Dia. 
Lauach Site Sefurbisiient & Modifications 
Program Reserve *' 

lotal Hon-Recurriag 
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10 tfeoruary 198*. 



Booster 

Airfraoe-Intwatagea 
Guidanee/Avlonics-Control Module 
Liquid Engines - T3$D 2nd Stage 
Solids-lst fi 2nd Stage SSBs 
Logistics/Spares ^ 

Sub-Total 
Payload Fairing - 200 In. -Dia. 
Launch and Flight Operations ^ 
Contingency Reserve *' 

Sub-Total 
Government Launch, Program and Range Support 



1) Go?ernaent developed and operated, no cost-of-money considered* 

2} Included in each booster element. 

3) Launch and flight operations use partial Shuttle cost data base. 

4) Incorporated In individual elements. 

Figure 113-12 
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SRB-X Total Program Coat Per night Estimate ' 
(Millions of FS83 Dollars) 



Production Launch 



Ho n e y L Total Cpat 
2076 207.6 



Rote: 1) Ho Cost-of-Koney as S8S-J is Government Developed and Operated, 

2) Reference Figure AII-10. 

3) fleference Figure All-tl. 
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Centaur 0' total Prog™ Cost Per Right Estimate 

(KUllons of FM3 Dollars) 

(For SUM) 



Centaur Vehicle 
OSE/Slte Mods ') 
logistics/Spares 
Launch Services 

Sub-Total 2) 
Prolate Hon-Recurrlng (10 Vehicles) 
Government Launch Support 
Financing (Cost-of-noney) 3) 
Total Recurring 



Ml Vehicle Bay 

ItalwmaaMtoA 
to. 



Bote: 1) Vehicle flown froi Shuttle pad. 

2} The fairing is included in the SRB-X costs. 

3) Government developed and operated, no eost-of-noney considered. 



SBB-X/Centaar G« total h-ogran Cost Per night Estimate 1), 2), 31 
(Millions of FI83 BoIIim) 



Launch Total 



caa 



Rote; 1} -Becwring unit cost of flard»are. 

2) Cost of development aaortized over 

3) Government launch, prograa asti rai 

4) Eeference Figure AII-13- 
■ 5) Seference Figure fill-ill. 
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B, Shnttlg,On;y/CoMerGlalSLy n Conparlsoil 

In accordance with national apace policy guidance, ths Shuttle 
only/ooffliuercial SLV comparison was performed using full-cost recovery Shuttle 
flight charges for the FI89-93 time fraue in place of the current HemeranduBi 
of Agreement charge. The flight model (Figure iil-16) used in this analysis 
is the FT 86 POH model, Only Air Force prograaa were considered for commercial 
ELV launch. A summary of the factors considered in this comparison and the 
results are presented below. Sensitivities to this analysis are presented in 
Section 17. 
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IMHIC ■ 

311 21 31 SI Mill 



•3-2/3 5-1/3 3-2/3 3-2/3 22-1/3 
4-2/3 6-1/3 4-2/3 4-2/3 27-1/3 



EC 5 7-1/3 10-2/3 8-1/3 8-1/3 39-2/3 

V1FB JL . _fi_ _J_ _JL_ _il_ -_JI_ 

SDBIOItt 5 7-1/3 10-2/3 8-1/3 8-1/3 39-2/3 



Dote: 1) FY 86 POM IMFFIC (HtMMUTSD W FI 93) 
Fipre SII-16 
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Shuttle flight charge coat avoidance by flying two Air Force 
payloads per year on commercial EIVs ia realised in the year prior to their 
launch. The Shuttle full-c03t-recovery coat estimate was derived froo the 
latest available HASA data, POP 83-2. 



Bafca Souree & Data . Total Flights . Costa FY 83 Dollars 

Data Saae, Jun 76 572 35.0 

0MB Study, Sep 80 Wj 50.8 

POP 81-2, Feb 82 362 7f,0 

HASA Coaptr Assessed 2$H 111.5 



POP 83-2, Aug 83 232 132.? 

(12TrAvg) - 

■NASA currently forecasts $112 million FT 83 dollars as the 
average cost per flight for the FI 89-93 time period. However, based upon 
cost history and the roughly 20? growth in their 12 year average flight 
charges from the Feb 82 to Aug 83 forecast, we have placed a 20$ factor on the 
$112 million charge yielding a flight charge of $133 million FY 83 dollars. 
This cost avoidance i3 shown in the first line of the Air Force Impacts 
Figure. Reference Figures AII-18 and AII-20. 

2. Optional Suffices Coat Avoidance 

An additional met avoidance is realized through the elimina- 
tion of the optional service charge associated with each Shuttle flight. To 
date, optional service charges have ranged from $1 million to $5 aillion FT. 83 
dollars per flight. This cost spread evolves from mission and spacecraft 
flight planning and integration complexity. For this comparison, an average 
complexity and a cost of $3 aillion FY. 83 dollars per flight was used. 

3- TVo_CoiiBercia l-ELynear-Cos.ta 

The commercial ELV costs reflect a production rate of four 
vehicles per year and a launch rate of two vehicles per year (ten vehicle 
tota. 1 ). The vehicle payment will be made is. January of the year prior to 
launoh, identical to the Shuttle payment schedule. The costs used for the 
respective commercial ELVs are those presented in the preceding figures, AII-1 
through All- 15- 
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«. 

Three Air Force satellite programs vere selected front the 
potential candidates described IP Section XXI for dual integration with the 
Shuttle/Centaur and EV/Centaur. First time integrations vere assumed for the 
three programs as occurring at major block-changes. The remaining seven ELV 
flights vere oosted at the lover recurring integration rates. 

e. Launch Vehicle, Non-Recurring Costs 

The launch vehicle portion of the first time payload integra- 
tion cost for a typical Air Force program is approximately $20 million FY 83 
dollars on a Shuttle and 412 Billion on an ET. However, when both integra- 
tions are accomplished together there is a $2 million dollar synergistic 
savings, is a result, the cost impact for a single first time ELV integration 
is estimated at $10 million. Therefore, for the three separate programs, a 
total first time integration cost of $30 million FY83 dollars was used. ' 

b. Launch Vehicle, Recurring Savings 

Recurring payload integration costs for the launch vehicle side 
are occasioned by partial repeat of the analytical and planning tasks neces- 
sary to validate any small changes that occurred since the prior launch. As a 
consequence of the reduced cost associated with a typical recurring payload 
integration on an ELV ($1 million FT 83 dollars) versus integration on a 
Shuttle ($5 million FT 83 dollars), a potential savings of $4 million per 
launch can be realised. Thus with seven remaining ELV launches, a total 
recurring payload integration savings of $28 million FT83 dollars was 
achieved. 



The payload program cost impacts based on dual integratioi 
the DSP, DSCS III and HILSTAB spacecraft are as follows: 

KmioR8i . rm, » 



A summary of pertinent comments regarding the specific payload 
integration follows. * 

1 ) DSP - Two transition periods were considered: nid- 
bloek transition for DSP 16/17 or transition at the DSP 18/19 block change. 
Since DSP 16/1? were designed only for STS/IUS missions, transition at the DSP 
'8/19 block buy was chosen. The cost impact for dual integration of DSP 18/19 
block buy is considered micitaal, 
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2) DSCS III - The cost impact for integrating the DSCS III 
to the ELV/Centaur is estimated as minimal, as it has previously been inte- 
grated to both the T34D/ISS and the STS/IDS. 

3) HILSXAR - The MLSTAR' program coat reflects spacecraft 
design impacts which are contingent upon refinement of the BLV and spacecraft 
design specifications. Further analysis fcay mitigate these coat inpacts. 



SB security elements which are flight rate dependent were 
reviewed and estimates Bade for savings which night he realized by the use of 
two confiereial ELV flights per year, 

Security related SIS operations cost3 for JSC, ESC, and GSFC 
were extracted from the "SSTS Program Office - Level II Eeimbursable Funding" 
Obligations Summary which was included as part of the Program Operations Flan 
(POP 83-2) submitted in August 1983. Shuttle Operations and Planning Center 
(SOPC) operations costs were provided by the Space Division STS Program Office 
as a POH estimate. An allocation of these costs into fixed and flight rate 
dependent cost categories was nade using a 10JE/60? ratio respectively. This 
40J/60J ratio was developed as part of a Controlled Mode coat analysis briefed 
to the 'STS Steering Committee in August 1983. Ms saae JjO$/60J ratio jras 
then also applied to the other NASA center security costs and to the SOPC 
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Fit Rate 
Perlr 



Fixed Cost 
Per Tr 
13.6 
3.8 



Fit Bate 

Variable Costa 

(60S) 



. Baaed en the above cost estimates there is approximately a {50 
million FI83 dollars fixed cost per year and a variable cost of $10 Billion 
per flight. NASA maintains that the costs are 100? fixed. While DOE disa- 
grees wits the NASA position and may achieve additional savings, the savings 
by flying two ELV flights per year was assumed to only affect the SOPC vari- 
able costs, which are approximately $12 million FY 63 dollars per year. 



6. 



•SBImftgt„fttttfl 



A repeated argument used against maintaining ELVs as a coiaple» 
ment to the Shuttle for assured access to space is the contention that the EL? 
flights will "steal" payloads from the Shuttle. Since a large portion of the 
Shuttle costs are to support a fixed operating base, reducing the flight model 
by even a single flight will require the remaining users to pay a somewhat 
larger share of the fixed base costs. For example, if, for the $* flight per 
year mission model, one payload drops off the Shuttle to fly on an ELV, the 
remaining 23 users must pielc-up a share of the Shuttle operating base costs 
previously paid by the ELV payload, While this is certainly true, it assumes 
that the services provided by the Shuttle are not significant enough to at- 
tract another payload to replace the one moved to the ELV. Such an assumption 
belies the logio and efficiencies upon which the Shuttle concept was sold, and 
is very unlikely to occur. There is little doubt that the two missions per 
year moved to ELVa could be resold to eonmersial, foreign, and/or government 
users ready to talce advantage of the unique services offered by the Shuttle, 
In fact, what might he i» doubt is the Shuttle fleet's ability to handle the 
large potential flight rate. Presently, Shuttle facilities are sized to 
handle few more than 24 flights per year, , The President, in his recent State 
of the Union Message recognized the enormous potential that Space holds for 
commerce today, and cautioned that "the market for space transportation could 
surpass our capacity to develop it." Therefore, to relieve the expected 
pressure on the spaceflight manifest, the President encouraged those 
interested in putting payloads into space to look to the private sector, 
specifically Expendable Launch Vehicles, for relief. 
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NASA recognises the abundance of possible Shuttle payloads and 
in September 83 published a Change Request to study the required upgrade cf 
their Shuttle facilities to handle a flight rate growing from the present 24 
per year to 28, 3 1 ** aad to per year in FXa 89, 90, and 91 respectively. Jhe 
subsequent approval of the Space Station can only serve to strengthen the 
demand for Shuttle launch services during this time frame, and strongly neu- 
tralize the concern that Shuttle missions would be lost without replacement as 
a result of two »qd slv flights per year. 

A final factor mitigating the concern over Shuttle payload 
losses to DOD ELVs is a technical consideration. As might be expected, the 
processing of the Centaur Upper Stage aboard the Shuttle is considerably more 
complex than processing simpler upper stages. For example, the processing of 
the Centaur for the JlASA planetary mission in the Spring of 1986 takes approx- 
imately twice as long as for a "normal" mission. Therefore, because of the 
direct impact Shuttle turnaround time has on maintaining the flight rate, 
HASA ha3 stated that the Centaur processing for this mission will effectively 
cause the loss of c-qe ^ c^j.t j.onal mission from the manifest. Simply put, every 
titae we fly Centaur on the Shuttle we lose a Shuttle mission due to Centaur 
processing time. Therefore, flying the Centaur on another vehicle (ELY) would 
regain this lost Shuttle flight. Taking a Centaur payload sff. the Shuttle 
allows J&P, Shuttle missions to be flown in its stead. This obviously would 
benefit all other Shuttle users sharing the costs of the fixed operating base. 

Eventually, follow-on Shuttle/Centaur missions will not require 
double the normal flow times. Estimates indicate that these can be reduced to 
about 2/3 more than .the average flow time and thus only 2/3 of a flight would 
be lost for each Shuttle Centaur flight. 

Applying these predictions to the concern of ELVs "stealing" 
payloads from the Shuttle leads to a much less than one-for-one ratio. At 
most, two ELVs per year would impact the Shuttle about 2/3 of one flight — if 
that 2/3 of a flight could not be i-esold. And, as stated above, the probabil- 
ity of not being able to resell that 2/3 of a flight per year appears very 
remote. To pi wide a sensitivity analysis for a complete spectrum of event- 
ualities, this report includes the impact on other users if the BOD flies two 
missions per year ( ELV/Centaur versus Shuttle/Centaur and the Shuttle 
flights are not wsold. The cost impact on other users for each flight not 
resold is shown in Figure AII-17; approximately $4 million for ESC flights and 
$2-h million for Vandenberg flights. The euwulative iapact to the Air Force, 
other DOD users, and the Government as a whole is shown in this section. 
Although not l factor to the budget, the impact to foreign and commercial 
users is also indicated. In the case where tvu flights are resold, there is 
no cost impact, this represents our baseline case, jbe situation wherein one 
or none of these are resold is al30 3hotfn. See Figures AII-19 and AII-21. 
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c. 

Launch scenario comparisons were made where either the 
T34Dn/Certtaur G* or Atlas II/Cectaur G 1 vehicles were substituted for two 
Shuttle flights per year for a five year period. Figures AII-18 through AII- 
21 summarize impacts is then year dollars for the launch scenario compari- 



1. ' S3S ^tSsBtm.ff. 

The T34D-/Ceiitaur G' versus Shuttle cost comparison for the Air 
Poree is presented in Figure AII-18, Thia table identifies a cost savings of 
$147 million then year dollars when all offsetting cost impacts are consid- 
ered. 

The cost to the other users resulting froe the substitution of 
two T3iiD 7 /Ceataur G' for two Shuttle flights i$ presented in Figure iH-19. 
This table shows the Air Force cost impact as well as the cost impacts for all 
remaining government and commercial/foreign Shuttle users in the unlikely 
event all or some portion of the vacated Shuttle flights are not resold. 

. Considerations of orbiter amortization costs of $20 million 
then year dollars per flight increases these savings by a total of $200 
million then year dollars. The orbiter* amortization cost savings are. 
calculated based upon a $2 billion cost for a replacement orbiter divided ^ 
an assumed life of 100 flights. Each vacated Shuttle mission therefore delays 
procurement of a replacement orbiter with a value of $20 million per mission. 
Similar changes and offsets are reflected in the tabulations for one and zero 
Shuttle flight deletions. In these instances it has been assumed the Shuttle 
flights were resold by HASA, 
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AIR FORCE IWACTS - T34D 7 
(FULL COST RECOVERY - MILLIONS OF TY COLLARS) 

FY _ffi & SI 88 84 » 23 22_ _2L_ 

2 ORB/YR -355 -380 405 435 -465 



OPT SERV -8 -9 -9 -10 -11 

2ELV/YR 350 375 395 420 440 

3 PROG DUAL 3 5 8 13 9 2 

INTEG (LV) 

7SATREC -3 -9 -13 -14 

INTEG (LV) ., 

P/L IMPACT 10 ' 15 13 11 ' 5 

SECURITY ' -16 -17 -17 -18 - 

SAVINGS 

STS IMPACT COST _JL i L _J L _0 2 

TOTAL +13 +20 +21 +11 -19 -43 -55 -68 - 

ASSUMPTIONS] 

ELV DEVELOPS AMORTIZED OVER 10 VEHICLES 

AIR FORCE FLIES 2 ELVs/YR, NASA RESELLS WO AIR FORCE DELETED SHUTTLE FLIGHTS 
NOTE: MINUS (-) INDICATES SAVINGS 

Figure Al 1-18 



NATION/! IMPACTS - T34D 7 10 FEBRUARY 

(FULL COST RECOVERY - MILLIONS OF TY DOLLARS) 
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NOTE: OR8ITER AMORTIZATION WOULD RESULT. IN AN ADDITIONAL 20 MILLION DOLLAR SAVINGS PER FLIGHT 
NOT SOLD 
MINUS (-) INDICATES SAVINGS 

Figure Al 1-19 



>^lje atlas II/Centaur G' versus Shuttle cost conparison for the 
Air Force is presented in Figure AH-20. This table identifies a cost iopaot 
of K88 olllioa fifea'tym dollars vhen all offsetting ^js't'lmpacts are consid- 
ered. X'.' *** 

X s 

The cost tenths other users resulting from the substitution of 
two Atlas H/Centaur G' for ttfo. Shuttle flights i3 presented in Figure AII-21 . 
This table shows the flir Foroe'eost impacts as sell as cost impacts for all 
remaining government and conaercisl^foreigc Shuttle users in the unlikely 
event all or soae portion of the^cated Shuttle flights are not resold. 

Considerations of orbiter amortization costs of $20 Billion 
then year dollars jtif flight decreasea these, impacts by a total of $200 
Billion then yeaw^follars. The orbiter amortisation cost savings are 
calculated based^upon a $2 billion cost for a replacement Orbiter divided by 
an assumed liffof 100 flights. Each vacated Sbuttle'mission therefore delays 
procurement^ a replacement orbiter «itb a value of $20 milion per mission. 
Similar ichanges and offsets are reflected in the tabulations for one and zero 
Shuttle flight deletions. In these instances it has been assumed the Shuttle 
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2 ELV/YR 
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STS COSTS 
TOTAL 



AIR FORCE IMCTS- ATLAS II 
(FULL COST RECOVERY - MILLIONS OF TY DOLLARS) 
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+13 +20 +21 +81 +56 +42 
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+42 



ASSUMPTIONS: 

ELV DEVELOPMENT AMORTIZED OVER 10 VEHICLES 

AIR FORCE FLIES 2 ELVs/YR, NASA RESELLS TWO AIR FORCE DIETED SHUTTLE R.I6HTS 
NOTE: MINUS <-) INDICATES SAVINGS 

Figure Al 1-20 
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L Pavloarf Identification 

The payloads selected for the commercial ELV were selected on 
the basis of mission compatibility, schedule, and stability of launch-to- 
launch configuration. Since the commercial ELV utilizes a Centaur upper 
stage, having an interface and capability essentially identical to the DOS 
STS/Centaur, the integration tasks are minimized. The tnree programs selected 
have planned regular launches in the period under consideration. They are 
currently scheduled to fly on ETS/Centuar, or are candidates for STS/Centaur. 
Considered in the selection yas the schedule for new spacecraft design or 
major design block changes, since a new first time integration could 
conveniently be made a dual integration for commercial ELV and STS/Centaur. 
Details of this selection process are covered in the classified Anna. 

B. Interface 

The payload-to-Centaur interface of the commercial ELV/Centaur 
C will be identical to the STS/Centaur G payload interface to the maximum 
extent possible, considering the presence of the payload fairing instead of 
the -STS cargo bay, differences in interface loads, and launch site ground 
interfaces. The interface will be similar to the proposed COP STS/Centaur G, 
Interface Control Document, Generic Centaur G-to-Satellite Vehicle (0) 2CJJ 
65-00320, Original Issue - November 30, 1983, Contract Ho. KAS-3-22901. The 
payload fairing interfaces are to be determined, but will provide a 15 foot 
diameter by 40 foot length .STS equivalent payload envelope. 

C. Megfflti pn 

Payload integration consists of planning and engineering 
studies which are required to assure that a spacecraft's requirements are 
completely met by the launch system, and that successful launch operations 
will be achieved, These studies are accomplished by the spacecraft 
contractor, the launch system contractors, and responsible government agencies 
together, typically over a three year period for BLVs and four years for the 
STS (Figures AIII-1 and AIII-2). The payload integration activity encompasses 
requirements definition and management plans, interface designs and 
specifications, structural loads analyses, flight planning and other 
implementation activities. This process culminates in a final milestone 
flight readiness review where all contractors and agencies agree that the 
spacecraft and launch system are ready for launch. 

First time payload integration involves a new combination of 
spacecraft and launch system, which requires iterative analyses to define the 
interface design and compatibility. Recurring payload integration consists of 
partial repeat of the analytical and planning tasks necessary to validate any 
small changes that occurred in the program since the prior launch. The cost 
estimates for first time and recurring payload integation are shown in 
Appendix AIL 



Typical Payload Integration Schedule - Analysis 
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BISK ASSESSMENT 
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2V. RISK ASSESSMM 

U Coi j i ffie .r. oial . E^V 

The proposed upgraded Expendable Launch Vehicle (EL7) using the 
titan 34D7 or Atlas XX has few areas to which a moderate risk can he attached, 
Comparatively, the Titan 34D. has the lesser risk since it has a higher 
percentage of flight proven components and all major changes have been 
previously investigated or developed over the past 20 years. The vehicle is . 
basically the Utah 3W> with 7 segment solids rather than 5-1/2 segments, and 
an increased liquid propellent load. 

The Atlas IX incorporates many <)f the existing components in a . 
repackaged, enlarged diameter vehicle and uses the basic design concepts of 
the current Atlas family of vehicles with the addition of strap-on solid 
rocket motors, This vehicle represents a more significant extrapolation of the 
existing Atlas family than does the T3i|D„ in the Titin family. 

- The overall desigs, development and producibility issues 
appropriate to both the Atlas and Titan configurations are well within the 
present capabilities of the contractors involved. There are so high technical 
risks in either configuration. 

■ The design of the Atlas U is relatively immature at this time. 
For example, the engine system is not defined and there is no data to 
characterize the ignition sequence thrust build-up, tfanst differential, etc. 
Thus, there is some uncertainty in vehicle and spacecraft loads for the lift- 
off event,' This may result in late definition of loads on the launch vehicle 
and the spacecraft. Further, the Atlas II liquid engine delivery, integrated 
feed system demonstration and cluster firing is a large engineering effort 
that could become a significant schedule driver. The schedule and technical 
risk for the Atlas II is therefore assessed as being moderate. 

For the T3$£yCentaur G', areas which require continued 
examination ia the funded concept definition study are stability and control 
of the large diameter fairing configuration and vehicle performance. Technical 
and schedule risk for the TSffiy/Centaur G [ are assessed as low. 

Both of the proposed ELVs will require modifications to the 
launch site. In sdditlon, the site has not been used since the Titan XXXE 
program in 1977. Detailed description of the work required can be found in 
Appendix V {Launch Base Processing), Some schedule risk could result if the 
work cannot be started early in the program, as planned. 



The SRB-X exploratory concepts are toy preliminary to permit a 
risk assessment comparable to the other two ELY configurations. However, from 
the data available it appears the largest area of technical concern with the 
SRB-X is the proposed structural arrangement attaching the boosters to the 
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core vehicles. This configuration was chosen to achieve the correct SSM 
- spacing to allov the SJ3-J to be launched from an existing Shuttle launch pad. 
To make this structure stiff enough to preclude vehicle control problems, 
extensive vehicle weight grawth may be encountered with a resulting loss in 
vehicle performance. 

While the basic Solid Rooket Booster elements (Stage I) are 
flight proven, another area of technical concern is the highly modified SRH 
second stage. Only two of the standard four solid motor segments are used. 
In addition, a completely new nozzle is required to optimize high altitude 



The SHB-Z's shortfall in term3 of schedule, when compared to 
the Titan or Atlas II, is that it cannot be developed in tine to meet the 
required H.C. Current projections indicate an SHB-X development program would 
take 54 months from ATP to first flight, Prior to ATP, full scale concept 
selection and competitive source selection activities would ado another Zk 
months to the program, bringing the. total vehicle development time to 78 
months. This means the earliest the vehicle could fly would be mid-to-late 



1. ELY Cost Estimates 

The tut cost risk assessaect addresses the risk of growth in 
the costs currently projected for tbe commercial ELV concept. The cost 
estimates for the ELTs are based upon recent historical cost data and 
contractor estimates supplemented by Space Division analysis. 

a. BBjlESEbSsUL ■ 

Both the T3*D 7 and the Centaur G 1 are adaptations of vehicles 
that are currently operational, The mollifications required to transfers the 
T34D to the T341L and integrate it to the Centaur have been extensively 
examined. The non-recurring cost presented in figure AII-1 identifies an 
estimate of $160 million FI 83 dollars. Contained within this estimate is 
$15 million dollars which the Air Force has put in as a reserve to cover 
the following elements of concern: 

UTitas Core Development and Integration. The contractor 
estiaate say be optimistic based on T34D development costs. 



3) Liquid Engine Stage II Developnent. The contractor 
estimate is based upon a first-time successful firing of the second stage 
liquid rocket engine with modification for extended burn time. Ibis approach 
may be optimistic and an additional firing nay be required. 

While the contractor's estimate provides $15 million dollars 
for growth, it is felt this additional reserve is still Justified as 
protection against unknowns. 

Hie contractor's estimate for recurring costs as presented in 
Figure AII-2 has been reviewed and found comparable to the Space Division 
estimates based on historical data, An ifcea-by-itea review of the eleaents 
disclosed slight variances, but when the total estimates were compared, the 
overall variance was negligible. 

The Centaur G* is scheduled^ for first launch on the Shuttle in 
1986. The cost for modification of this vehicle and its launch site for use 
with the T34D», along with its recurring cost for a ten vehicle buy, are 
presented in Figure AII-1. While sufficient data is not available at this 
time to make an element-by-element analysis, the cost is believed to be both 
complete and reasonable. Furthermore, the total C03t per launch of about $55 
million FY 63 dollars compares favorably relative to the *50 million dollar 
coat of the Centaur for launch on the Shuttle as priced by NASA in their 
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letter to Space Division of 21 September 19-83- 

b. ttlas .n/Mntmr C ■ 

Sue to the lack of data supporting the top level eontracto 
cost estinates, detailed assessment of the itlas Il/Centanr G' could not b 
»ade. However, historical data on a snail Atlas, sealed to the itlas II 
indicates both the recurring and non-recurring costs are sonevhat overstated. 

-. c. SJJfr.X/Ceqtaor . O' 

The SH-I costs., obtained from a S4S4 funded study, appear t. 
be reasonable to a first approximation. 
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Military Uses of Space: 1946-1991 



advanced capabilities. Materials were identified, obtained, assembled, and indexed b/Uie National 
Security Archive, a non-profit, Washington, D.C. based research institute and library. The microfiche 
collection is accompanied by Military Uses of Space: 1 946-1 991 Guide and Index. 

Arrangement of Information on the Microfiche: 
Tne documents are arranged in chrenokjgicai onje 
each document Each new document begins a new Erie on the microfiche. 



filmed 

Microfiche Numbering: 



Technical Data: 

Producing Laboratory; Chadwyck-Healey Inc. 

Date of Publication of Microfiche EdTtnn: 1S91 

Format 49 frame, 105mm x 148mm silver haftfe microfiche, 24x nonmal reduction 




Document Quality: 

TTirough the use af (he Freedom of Information Act and an extensive netwotkof government, media, 
and academic contacts, the National Security Archive has developed this varied collection of primary 
materials. Just as the type of materials included varies, so does the quality of each document. 

Tne National Security Archive has made every effortto provide Chadwyck-Healey Inc. with the best 
quality, most complete copy available of each document. Chadwyck-Healey Inc. has faithfully 
reproduced on microfiche exactly what was provided by the National Security Archive. 

Manyofthedo^mentsincludedinthispublicationwere previously classified bytheU.S.Govemmeni 

and even when declassified, sections or pages may be obliterated by the government due to the 
potentially sensitive information contained in them. 



cables, memoranda, intelligence reports, briefrrtgpapers, Congressional reports, official letters, and 



have been produced to the highest quaSy and conform to AIIM, SSI and ANSI standards. 



Shuttle Oav/coBKrcHi p,T . fowarison 



Ibis analysis Bed the full-cost-recovery Shuttle cost pep 
fli$t of J133' Billion FT 83 dollars, lie validity of this estinate Is discus- 
sed in the cost section, It sssuies a SOJ groirth to S1S1 predicted cost toed 
on historical data* Should tie current Shuttle pricing policy subsidising 
Shuttle launches to all users' be retained In the out years, the cost to POD of 
Shuttle vould not be sufficient to cover the costs of substituting ElVs. 
tlgurs lff-1 shoes this cost trade. 

b. Shuttle Isimft Sate 

Ivo alternative Shuttle launch rates sere eanined, a 16 flight 
per year nodel aid a 10 flight per jeer lodel. For oonparatlve purposes, only 
one av option vas used, a 13^. 

1} 16 Flight Per Year Eodel - a launch scenario cosparison for 
the 16 flight per year todei (13 at SSC and 3 at *M8! »as Bade nherein t«o 
cOBserdal BJt (lights liere' substituted for t»o Shuttle flights. ..Sh» results 
of this oosparisoa are presented in Figures 1IV-2 and JIf-3 for the Br Force 
and. other Shuttle users respectively. 

tte full-cost-recovery Shuttle cost per flight used for the 16 
(light model vas 5)177-5 Billion SI 83 dollars. Ihe cost inpaet to regaining 
Shuttle flights for each flight not resold uas {9.6 Billion for ISC and 45.5 
Billion for Tim Using these costs the lir Force realised a savings of {837 
Billion then year dollars versus the cost savings of JW Billion elperienced 
for the 24 flight per year nodel. 
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AIR FORGE IMPACTS - T3W 7 
(CURRENT PRICING POLICT - MILLIONS OF TV DOLLARS) . 

_J5_ _M_ JL _J£_ _8L. J_ J23L _2L, _Si_ 



2 ORB/YR ' 




-155 


OPT SERV 




-8 


2 ELV/VR 




350 


3 PROS DUAL 
INTEG (LV) 


3 5 


8 13 


7 SAT DEC 
INTE6 (LV) 






P/L IMPACT 


IB. 15 


13 ll 


SECURITY 
SAVINGS 






STS IMPACT COSTS J_ ^_&_ _J. .0 


TOTAL 


+13 +20 


+21 +211 


ASSUMPTIONS: 

ELV OH/ELOfflENT AMORTIZED OVER 10 VEHICLES 
AIR FORCE aiES 2.ELVS/YR 
■MINUS M INDICATES SAVINGS 



AIR FORCE IMPACTS - T34D 7 10 FEBRUARY 198* 

• (16 FLIGHT MODEL SENSITIVITY) 

(RILL COST RECOVERY - MILLIONS OF TY DOLLARS) 

FY 85 ■ 86 87 88 -.89 .90 91 _SL. 93 TOTAL 

2 0RB/YR -475 M ■ -545 -580 -625 -2730 

OPTSERV -8 -9 -9 -10 -11 -47 

2ELV/YR 350 375 395 420 440 +1980 

3 PROG DUAL 3 5 8 13 9 2 +40 
INTEG (LV) 

7SATREC -3 -9 -13 -14 -8 47 
INTEG (LV) "' 

P/L IMPACT 10 15 13 11 5 +54 

SECURITY '16 -17 -17 -18 -19 -87 
SAVINGS 

STS IMPACT COSTS J 0_ ._&. __jL 0, JL __L _JL _L — 0. 

TOTAL +13 +20 +21 -109 -144 -183 -200 -228 -27 -837 



ELV DEVELOFW AMORTIZED OVER 10 VEHICLES 

AIR FORCE FLIES 2 ELVs/YR, NASA RESELLS TWO AIR FORCE DELETED SHUTTLE FLIGHTS 
NOTE; MINUS (-) INDICATES SAVINGS 



FY 


85-87 


2 STS FLIGHTS RESOLD 




DOO 




AF 


54 


OTHER 





NASA 


JL 


GOV'T TOTAL 


54 


C0MM/F0REI6N 





T STS FLIGHT RESOLD 




DOD 




■AF 


54 


OTHER 





NASA 


_j_ 


GOV'T TOTAL 


5* 


(MM/FOREIGN 





0STS FLIGHTS RESOLD 




DOD 




AF 


54 


OTHER 





NASA 


-A 


GOV'T TOTAL 


54 


COMM/FOREIGN: 






USER COST IMPACTS - T34D 7 10 FEBRUARY 1984 
(16 FLIGHT MODEL SENSITIVITY) 
(MILLIONS OF TY DOLLARS) 

_J8_ _J9_ .JL _9J_ _J2_ _&„ IOJL 

-109 -144 -183: -200 ;. -228 -27 -837 

0.0 

■■ , -0 -K. , L _JL 

-109 -144 -183 -200 -228 ■ -27 -837 



-44 -109 -123 -165 -188 -27 -602 

70 60 10 65 70 +275 
45 80 140 105 -115 0_ -+48i 

71 31 27 5 -3 -27 +158 



21 -79^ -58 -125 -148 -27 . ^362 

140 125 20 125 135 +545 

. 85 . 160 „2Z5_ _2l£. JM. __JL ,J6i 

246 206 237 215 217 -27 +1148 



ORB.ITER AMORTIZATION MOULD RESULT IN AN ADDITIONAL 20 MILLION DOLLAR SAVINGS PER RIGHT 

NOT SOLO. 

MINUS (-) INDICATES SAVINGS 



n- 



FlSU^AIV-: 



2) 40 flight per year model - This model was selected to 
represent an upper boundary ease. Support of this 40 flight model (30 flights 
at XSC and 10 flights at VAFB) necessitates funding expenditures for the fifth 
orbiter and for additional facilities at both KSC and VAFB. These investment 
costs are very large and should be used in evaluating cost trades, tovever, 
because of their uncertainty and Impact on the cost of Shuttle, they have not 
been included in the Shuttle cost per flight analysis. 

A launch scenario comparison for the 40 flight per year model 
was made wherein two commercial &? flights were substituted for two Shuttle 
flights. The results of this comparison are presented in Figures AI?-4 and 
AIV-5 for the Air Force and other Shuttle users respectively. In this compar- 
ison, the DOD flights were those presented In Figure AI1-16 and all flight 
•rate growth was assumed in HASA and Commercial/Foreign flights. 

The full-cost-reoovery Shuttle cost per flight used for the 1)0 
flight model was $100.0 million FY. 83 dollars. The cost impact to remaining 
Shuttle flights for each flight not resold was $1.6 million for ISC and »0.8 
million for VAFB. Using these costs the Air Force experienced a cost impact 
of $353 million then year dollars versus the cost savings of $117 million 
experienced for the 24 flight per year model. The, large, variation in cost 
impact to the DOD results from the reduced savings realized through deletion 
of the lower cost Shuttle flights. The Impacts do. not. factor in the more than 
$2 biilioh capital investment "estimated as required to achieve the 40 per year 
flight rate.. 
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air forge Impacts - moj 10 February m 

CW FLIGHT MODEL SENSITIVITY) 

(FULL-COST-RECOVERY - MILLIONS OF TY DOLLARS) 

85 86 . -87... 88 89 ..90... .91- ,. % _J1^ JJAL 

-270 -285 -305 ^1 -350 -15W 

4-9 -) 41 -11 47 

350 375 395 420 .W0 +1980 

8 13 9 2 " 40 

-3 -9 -13 -It -8 47 

13 11 5 +5t 

-16 '17 -17 -18 -19 -87 

. g_ . (L _J_ L L ^ L 2 

+21 +96 +76 +57 +50 +W -27 +353 

ASSUMPTIONS: 

ELV DEVaOFHT AMORTIZED OVER 10 VEHICLES 

AIR FORCE FLIES 2 ELVs/YR, NASA RESELLS TWO AIR FORCE DELETED SHUTTLE aiGMTS 
NOTE: MINUS (-) INDICATES SAV1N6S 

Figure AIV4 



2 ELV/YR 






3 PROQ DUAL 
.INTE6 (LV) 


5 


5 


7 SAT REC 
INTEG (LV) 






?/l IMPACT ■' 


10 


15 


SECURITY 
SAVINGS 






STS IMPACT COSTS _J_ 


_L 


TOTAL 


+13 


+20 



USER COST IMPACTS - T34D; 10 FEBRUARY 198* 

(40 FLIGHT MB. SENSITIVITY) 
(MILLIONS OF TV DOLLARS) 

FY fcffl _JL _SSL_ -JL _SL_ -JL J2_. ISM. 
2 STS FLIGHTS RESOLD 



DOD 




AF 


54 


OTHER 





NASA 


_L 


■GOV'T TOTAL 


54 


COW/FOREIGN 





DOD 




AF 


54 


OTHER 





NASA 


J. 


GOV'T TOTAL 


54 


COMTOEIGN 





STS FLIGHTS RESOLD 





106 81 67 55 57 -27 +393 

10 10 5 10 10 +45 

25 „JL _JL ^_4JL JL __JL jM 

141 126 112 110 112 -27 +628 

25 30 30 35 35 +155 



DOD 

AF 54 116 86 77 63 62 -27 +428 

OTHER 20 20 5 20 20 +85 

NASA _£. _J0_ _7J_ ^JL _J5_ ^JL _JL jM 

GOV'T TOTAL 54 186 176 16? 165 ■ 172 -27' +893 

COM/FOREIGN 55. 55 60 65 70 +305 

NOTE; ORBITER AMORTIZATION WOULD RESULT IN AN ADDITIONAL 20 MILLION DOLLAR SAVINGS PER FLIGHT 
NOT SOLD. 

MINUS (-) INDICATES SAVINGS 



The cost Ispact of dual payload integration (Shuttle and 
Commercial ELV) was based on the DSP, DSCS and HILSTAH being bott logical 
selections and being representative of any new op eajor block change payioada. 
Should the- nuebar of payloads selected vary, the coats will vary accordingly. 
The rink in estinating costs for dual payload integration varies directly with 
payload maturity - a new or najor block change p&yioad will incur ninioal 
design inpccfc and only the cost of mtesretlon. The payloads selected were 
chosen to minimize risk. 

4. Shuttle Security SaTinga 

The Shuttle security savings were discussed in Section All and 
presented in Figures AII-16 and AIi-20. Although there is a disagreement 
between the Air Force and HASA over whether the KASA security costs are 1Q0J 
fixed or some combination of fixed and variable, to insure conservatism in 
this analysis, only CSOC Shuttle Operations and Planning Complex variable cost 
savings, were assuaed. Another significant area of potential savings' is in 
the deactivation of the HASA Controlled Mode Systes. The Controlled Hcde is 
that capability at Johnson Space Center (JSC), which handles classified DOD 
launches. 053i costs for Controlled Mode total almost (50 million per year in 
the late '80s. Shilo CSOC will handle about 8 005 sissicns per year, any 
overflfiv to HASA JSC will require operation of the Controlled Hode, Offload 
of two Shuttle missions per year to ELVs could allow Controlled Hode to go 
into caretaker status with a savings of about $30 Billion per year. Tals 
savings irai not included in the analysis. 



The past growth in Shuttle cost per flight was accounted for in 
this analysis as diseased in the cost section of this appendix. (Reference 
Section All, paragraph Bt.) 

6. i&JUc^uj^fctald. 

The first use of Centaur in the Shuttle increases the Orbiter" 
stay-tiae in the Arbiter Processing Facility (OFF) froa the standard 15 days 
to 3Qd.ays.foi 1 the HASA planetary missions. This sssesscent ass briafsd^by 
JSC in January 1&34 at the STS/Ceatsu? briefing to the Senior itenagesent. 
PaBsl. This precludes Shuttle turnaround is accordance with nxjuirsEects to 
aofcieVe-sSt) flight per year launch rate, gatlnates for .processing cf later 
Centaur missions redaoe this OF" stay-itiae froa 30 to 25 da73 because of 
learning. The loss of missions assoclated'vitii this increased orbiter time in 
the OFF is estimated between one and two missions par year. Therefore, if DOD 
transfers ewe Centaur flights from the Shuttle to the commercial ELV, Us 
potential for replacement wits three or four. non-Centaur flights exists. 
Through resai?, thsse offer NASA the potential for increased revenue. The 
results of an assessment eian:irJ.ng this potential for savings to both agencies 
and the Government ar* presented in Figures AIV-6 and AI7-? (two flight jaia} 
and Figures AIV-S and AI?-9 (one flight gain). These coaparlsons were made 
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against tbe 2«i flight oodel. Tbe Air Force experiences a savings of $307 
million then year dollars, and tbe Government experiences a savings of tyfy 
Billion than fear dollars, when the air Force deletes two Shuttle Centaur 
flights and NASA resells four flights. When the Air Force deletes two 
Shuttle flights and KASA resells three Shuttle flights, the Air Fore? 
experiences a savings of $232 million then year dollars, and the Government 
experiences & savings of $587 Billion then year dollars. In these 
comparisons, only the Iccreaental cost savings are presented. Consistent vith 
all cosparison analyses herein, the cost of the additional Shuttle flightCa) 
is not included. 
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AIR FORGE IMPACTS - T34D 7 10 FEBRUARY 1984 
(TWO FLIGHT GAIN): 

(FULL-COST-REGOVERY MILLIONS OF TV DOLLARS) 

FY _JS 8i_ JL_ _JS_ _J2 ML -JL. -32. Si_ HBL 

2 ORB/YR -355 -360 405 435 465 -2040 

OPTSERV -8 ■ -9 -9 -10 -11 47 

2ELV/YR 350 375 395 420 440 +1980 

3 PROG DUAL 3 5 8 13 9 2 40 
INTEG (LV) 

7SATREC -3 -9 -13 -14 -8 47 
INTEG (LV) 

P/L IMPACT 10 15 13 11 5 +54 

SECURITY -16 -17 -17 -18 -19' -87 

SAVINGS 

STS IMPACT COST _J g L _iJL _r28L -JL ~iZL _^2L . ^M 

TOTAL +13 +20 +21 -34 -39 -83 -80 -98 -27 +307 



ASSUMPTIONS; 

ELV DEVELOPMENT AMORTIZED OVER 10 VEHICLES 
AF aiES 2 ELVs/YS 

NOTE: MINUS (-) INDICATES SAVINGS. 

Fl SURE AIV-6 





USER COST IMPACTS - T3W ? 

(TWO RIGHT GAIN) 

(FULL COST RECOVERY - MILLIONS OF TY tMLLARS) 


FY 


M 


_JS_ _J?_ 


_2L_ _21_ 


DOD 

Af 

OTHER 
NASA 

GOV'T TOTAL 
OWF0REIGN 






-ft -39 
-50 -W 

_^>2 rfiL 

-1M -169 
-65 -70 


-83 -80 
-5 -W 

-120 -112. 

-208 -235 
-70 -85 



-258 



NOTE: ORBITER AMORTIZATION WOULD RESULT IN AN ADDITIONAL 20 MILLION DOLLAR SAVINGS PER RIGHT 
NOT SOLD. 
MINUS (-) INDICATES SAVINGS. 



Figure A1V-4 



AIR FORCE IMPACTS - T34D 7 • 10 FEBRUARY 198* 

(ONE FLIGHT GAIN) 
(FULL-COST-RECOVERY MILLIONS OF TY DOLLARS) 

FY _3i Si 87_ JL. _J2_ -M 21 22 2L_ MB. 

2 ORB/YR -355 -380 485 -B5 -465 -2040 

OPT SERV -8 .-9 -9 -W. -1.1 "W 

2ELV/YR 350 , 375 395 420 4f +1980 

3 PR06 DUAL 3 5 8 13 9 2 +'(0 
TNTEG (LV) 

7 SAT REC -3 -9 -13 . *14 -8 -47 

INTEG (LV) 



SECURITY -16 -17 • -17 -18 -19 -U 

SAVINGS 

STS IMPACT COST _J L ^25 si- -20; -1.5 -«alL. —J- ~$? 

TOTAL +13 : +20 +21 -14 -29 -63 -70 -83 -27 -232 

ASSUMPTIONS: 

ELV DEVELOPMENT AMORTIZED OVER 10 VEHICLES 
AF FLIES 2 ELV$/YR 

NOTE: MINUS (-) INDICATES SAVINGS, 



USER COST IMPACTS - T3W 7 

(ONE FLIGHT GAIN) 

(FULL COST RECOVERY - MILLIONS OF TV DOLLARS) 





FY 


ML 


J8_ 


-M- 


JL 


_!!_ 


_22_ 


_2l_ 


TOTAL 


3 STS FLIGHTS RESOLD 


















OOD 




















AF 




5'i 


-14 


-29 


-63 


-70 


-83 


-27 


-232 


OTHER 







-25 


-25 


-5 


-20 


-25 





-100 


NASA 




J. 


_3JL 


JL 


_r*i- 


_^L 


_rSL 


2- 


_-25i 


GOV'T TOTAL 




54 


-69 


-99 


-133 


-1« 


-168 


-27 


-587 


COMVFOREIGN 







-30 


-30 


-35 


-35 


-W 





-170 



NOTE: ORBITER AMORTIZATION WOULD RESULT IN AN ADDITIONAL 20 MILLION DOLLAR SAVINGS PER aiGHT 
NOT SOLD. 
MINUS ■(-) INDICATES SAVINGS, 



Figure aiV-9 



USFFIC MODEL 

m si 22 £ im 



3-2/3 5-1/3 3-2/3 3-2/3 22-1/3 
1-2/3 6-1/3 H-2/3 *-2/3 27*1/3 



7-1/3 10-2/3 8-1/3 3-1/3 39-2/3 
7-1/3 10-2/3 8-1/3 8-1/3 39-2/3 



24 2* 120 



Bote! 1) FY 86 POH TRAFFIC (BmSPOUTBB TO FY 93) 
■ Figure iCT-10 
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LAUNCH BASE PROCESSING 
Titan- 31IL 



The launch base provides the facilities for receipt, storage, 
processing, servicing, and physical support of the launch vehicle at the 
launch pad. For the I3*D, segment SHH Vehicle these facilities include the 
Vertical Integration Building (VIB), Solid Hotor Assembly Building (SMAB), 
Launch Complex-ll (LC-41}, Solid Hotor Processing Buildings (HIS, SBS, SAS] 
and Payload Fairing Processing Building (MAB). See Figure AY-1 for location 
of these facilities at. .Kennedy Space Center/Eastern Space aa'd Missile Center 



In addition to these facilities, administrative office space; 
warehousing facilities and the necessary facilities to provide launch base 
services will he required. All of these facilities currently exist and are in 
use supporting either the Titan or SIS launch vehicles. Certain limited 
modifications to some of these facilities will he required to accommodate the 
increased length of the booster and larger diameter of the payload fairing 
(PLF), Also the ability to encapsulate the payload within the PLF must be 
provided tpossibiy within the Shuttle -Payload Integration Facility (SPIF)]. 

- The payload requirement for a 200 inch diameter,, approximately 
79 foot long PLF is sew.. This size PLF imposes changes to the mobile service 
toyer platforms and payload fairing air conditioning. Space in a humidity 
controlled room is required for storage, inspection, and application of the 
insulation system to the PLF. - Space -in a highbay clean room is required for 
encapsulation of the payload intc the. PLF. 

The launch services required iiill be comparable to those cur- 
rently provided to the Titan Program and its associated payloads. 

The commodities utilised by the improved Titan 3<II> system shall 
be provided as GFP. Assuming a launch rate of two vehicles per year, the 
major commodity requirements, on a per year basis, are: 



700 lbs. 
120,000 lbs. 
20,000 lbs. 



■tnousands standard cubic feet 



Kennedy Space Center/ Eastern Space and' Missile Center (ESIWC) 




a. raemtfr sad Snasort scupaent mw*qw& 

Zli? .efforts required to install and launch the rehire 
described in Section 1 frea Launch Complex 51 can be grouped into two catego- 
ries; first, the refurbishment needed to return -tto coaler to its original 
operational condition, and second, the modifications necessary to convsrt fr,os 
a Titan HE configuration to Titan 3W>* Centaur '{? configuration. 

The last Titan HIS launch fr s Launch Complei $1 oocuredin 
September .t97T and the coupler has received ainital maintenance since that 
date. The secondary structure has suffered eorro&ion degradation (e-g. hand 
rails, stairs, floor slates, hydraulic tubing, etc.); however, the primary 
structure remains sound. .Under the category of refurbishment, Hie secondary 
structure .gust be repaired/replaced, elevators reworked, air conditioners 
reworked, electrical junction boxes and outlets replaced, etc Cosmetically, 
the ceaplei appears such worse than its true. condition. The basic structure 
does sot appear to be adversely affected hy corrosion, although it will be 
necessary to replace the majority of the structural bolts. 

It is recoonended that the Architects and Sngineer (ASS] 
organisation tasked for design of construction modifications be plasad on 
contract as soon as possible. One of the major pacing itefts will -be tjeftning 
the condition of the Hobile Service Tower (HSI) and umbilical lover (ST), and 
refurbishment effort required to return their integrity. The LC-S1 HSI was 
modified in the early 1 970s for a 78 m.p.h; wind capability. Depending upon 
additional weight of codifications and program wind requirements, structural 
strengthening cay be required. 

After the facility has been returned to its operational capabi- 
lity, program peculiar modifications will be required in order to accommodate 
the Titan $V» segment SRK vehicle. In general* the launch vehicle is taller, 
heavier and boosts a larger diameter paylwd/EF. The entire launch vehicle 
is raised on the thrust mount approiioateiy eight feet in order to reduce 
ignition overpressure resulting from the longer SEHs. The. HST/OT platforms 
must be cut out to allow the SEHs to penetrate levels 9 and 10 and permit the 
core vehicle to increase, in length by 125 inches. A slot will be required in -■ 
all platforms on the north side of the HST to .permit crane access to the north 
SHH. The upper levels of the HST must have much larger penetration holes to 
accommodate a 200 inch PLF versus the previous 168 inch Centaur PtF. The 
added SHH weight and larger SHH nozzle diameters will require strengthening of 
the launch mounts. 

An electrical/electronic -modification ii- required to interface 
Programmable Aerospace Control Equipment (PACE) with the A2A complex wiring 
system. Wiring Is necessary to convert from conventional AGE (i.e., Titan ill 
configuration) to PACE (i.e.» Titan 34D configuration). 



There are both mechanical and electrical notifications required 
to accommodate raising the ground-to^airbo.-ne iaterfaees. In aotae cases this 
requires relocating interface panels and boxes. In other oases, thi3 results 
in extension of existing cabling and climbing. 

Much of the original Centaur AGE has been removed to support 
the STS program. It vill be necessary to acquire new or aodified Centaur AGS 
that is compatible with the C configuration. One item of interest Hill be 
sir conditioning units for the Centaiir and payload. 

Several pressuriaatioa storage tanks fron the gas faros have 
been remove and are now used on the STS program. However, it vill not he 
necessary to replace 811 these tanks because nigh pressure dig is now avail- 
able to the launch complex by pipeline installed after the Titan IIIE progran 
facility equipment installation was built; One of the fuel Beady Storage 
Vessels (RSVs) on Launch Complex 41 is leaking and oust be replaced. The 
vehicle air conditioning unit Hill require refurbisbnent* Hew launch heads 
vill be required for the heavier SHHs. 

Modification is required to the Environmental Shelter (ES) roof 
due to the increased vehicle/PLF length, Several options exist, ranging from 
raising the ES roof, adding a dog-hoti3e to the roof, or cutting a hole in the 
roof and allowing the PLF to penetrate. The proper option will be selected 
during the study. 

Modification to the Vertical Integration Building (V3B) will be 
minor and vill involve the Control Center and instrumentation systems. Mecha- 
nical modifications are not anticipated since this will be a 3taek=on-pad 
concept, with on-pad acceptance. ' 

It will he necessary to provide a payload/PLF encapsulation 
capability. The SPIF holding cell, a SHifi SfiH cell or a VB cell could be 
modified for this purpose. The proper selection will be made during the study. 

B. fca pcb' . Vehicle and Pafooadjfrocesging 

Titan .34D- stages I and II, will be transported from the skid 
strip at CCAFS to the lowbay of the ?m In the lowbay, preparations will, be 
Bade to transport Stages I and II to the launch complex, Preparations shall 
include installation of Stage I and II engines, installation of hydraulic 
lines and associated components, shiploose black boxes, Stage II engine nozzle 
extension* and Centaur interstage adapter. Each stage, in turn, will be 
weighed, then placed back onto the horizontal transportation device. 

While preparations are proceeding in the YIB, at launch Complex 
36, the Centaur will be prepared for shipment to I,C41, All subsystem testing, 
including cryogenic tanking test, will be completed prior to shipment, 



Also, build-up of the seven segment solid rocket tuotors will 
begin at launch Complex 41. The north SRH will be ooapletely stacked 
Because of the length of the seven segment solid assembly and the added length 
of Stage I, there is not enough distance between the crane and top of the SRH 
to raise Stage I into position and lover it between SHH assemblies. 
Therefore, only partial erection of the South SHH will be performed prior to 
Stage I erection. 

Vhen the SRH build-up has reached the point where Stage lis to 
be erected, Stage I will be transported to the launch complex, attached to 8 
rotation fixture, rotated vertical and erected over the top of the partially 
built south SEH and levered into position on the SEH attach fittings Kith an 
erection fixture similar to that now used at the Western Space and:Hissile 
Center (1TSHC). Following the Stage, i erection, the partial south SEH build-up 
will be completed and the Stage £ vill be transported to the launch' complex 
and erected. 

At the completion of .SHH build-up, the acceptance testing vill 
begin on the sgHg and core vehicle, The core vehicle aeeeptaaoe testing vill 
culminate with two Combined Systes Tests (CSTs) using SRH simulators. With 
SHH and core hardware acceptance completed, the electrical interfaces will be 
mated; Integrated subsystem, flight safety, guidance, and flight control 
testing vill be performed. Following subsystem, testing, the SEH aad core 
vehicle CSI sill be performed to Coaplete lower stages readiness prior to 
Centaur mate. - 

Upon completion of the Centaur testing the aft payload fairing 
will be delivered to Launch Complex 36A and installed around the Centaur. The 
payload fairing and the Centaur will, be transferred from Launch Complex 36 to 
Launch Complex 41 and' mated to the vehicle! 

Independent of booster vehicle testing, the payload' will be 
processed in the Shuttle Payload Integration Facility (SPiF). The SPiF pro- 
vides the facilities and security irequired to process DOD' classified payload?. 
After cheek-out, the payload will ba encapsulated: into the upper-\por-tion of 
the payload fairing and the entire assembly transported to the launch complex. 
The HASA transporter is one -method of .-transporting the encapsulated payload. 
At the launch complex, the encapsulated payload will be lifted via the 50 ton 
overhead bridge crane onto the booster vehicle. 



Processing of the payload fairing will occur in a Missile 
Assembly Building (MAB), whereas, storage of fairing segments and hardware 
will occur In the Motor Inert Storage Building (HIS), The payload fairing 
segnents will be painted/coated, and built-up into a total fairing. At this 
location Centaur (!■ snubbers, A/C ducting, umbilical penetrations, access 
doors, ordnance .circuitry and electronic control units, thermal blankets and 
associated snip-loose hardware will be installed and teste! the units will 
be yeighed, center of gravity determined, cleaned' and prepared for shipment to 
LC-41 or the SPIF. The lower PLF sepents will be installed around the Centaur 
and the upper segments laplaced in the SPIF, assembled and the payload encap- 
sulated, PIP transportation, handling and assembly equipment used on existing 
Titan IH programs can be modified for the 200 inch SIP, 

*• Prelaunch jjiteewton v,M r1l . rr CT .)n r 

Utilising off-line testing) mating and encapsulation of the 
spacecraft will result In a short pad time following Bating of this assembly 
to the booster, this" concept is similar to the Htan 3W/IOS philosophy. 

Following eating, simple Integrated booster-to-Centaur tests 
yiU be conducted. Final preparations for launch sill Include a launch CST 
ordnance Installation, battery installation and propeliant loading. ' 



the following studies say be needed: 

a, the Iitan3Wj Launch Vehicle contractor Ms proposed on-pad 
build of the launch Teniae! His should be evaluated with respect to build- 
up and checkout of the core in the TO! and build of five segaent motors in the 
SBAB. Capability for checkout of other vehicles Is maintained with the Inte- 
grate Transfer-launch (ITL) concept. At four launches per year or with any 
serious problems, TIB checkout may be required, 

b. The environmental shelter will have to be raised to surround 
the longer payload fairing. A simpler shelter which protects the fairing but 
is hot environmentally controlled should be considered, the type of modifica- 
tion required to the list roof should also be evaluate! 

.0. the ignition pressure, liftoff overpressure, acoustic and 
thermal environment should be evaluated for impact on launch vehicle, payload, 
and critical support equipment. 

d. the launch base documentatitin and reports that will be submitted 
to the customer should be agreed to early in the program. Documentation must 
be maintained on the modifications to the facility and all aspects of the 
launch base processing. The use of informal submittals, sketch engineering 
and drawings can reduce paperwork C03ts. the contractor should address the 
approach In the study phase. 



B. Atlas H Latw Mi Baae Processing 

t. RefluJreaentp 

The requireaents for launch base processing of the Atlas 11/ 
Centaur fi' launch vehicle are essentially the same as for the existing Atlas 
vehicles except scaled up for the larger size. Facilities will be required to 
receive, inspect, process and store the Atlas XI, Centaur G ( Stage, solid 
nostra, and payload fairing. A highbay clean rooa facility is required to 
encapsulate the payload within the ELF. 

lie overall requireaerit of the launch base facility and support 
equipsent is to transport, assenble, checkout, service and launch the 
Atlas II/Centaur G*. launch Vehicle, the launch base being considered is 
Launch Conplex 41 at Cape Canaveral AFSj Figure AV-1. 

Launch Cosplex 41 has not been used for launching for a nuaber 
of years and has had ainioua aaiatenance. As such, the base facility and 
support equtpnent will require aajor refurbishment, acidification, and replaee- 
aent. Although najor deaolition is not envisioned, minor nods to the concrete 
aay be required to aocoanodate redesigned launch sounts and the solid actors 
exhaust A new launcher will be required. 

The process flow for the Atlas II will be similar to that for 
the existing .Atlas. The Atlas II vehicle will be transported to Cape 
Canaveral by barge. Access to existing facilities or new storage facilities 
for this vehicle will be required. The erection and launch of the Atlss II 
vehicle will he aiailar to the existing Atlas systems. The-Atlas II vehicle 
(less the payload, payload fairing* Centaur G 1 and solids): will be transported 
at the launch site on a special trailer that can serve as a strong-hack to 
caintain the vehicle, in a stretched and pressurized condition. The payload 
will be encapsulated in the fairing and transported separately. The Centaur 
G* and solids will be added at the pad. 



Sew air conditioning systeas will be required for the Atlas II, 
Centaur G', and the payload. Hew liquid oxygen (cryogenic) and RP-1 fuel 
propeUant loading systeas, and checkout capability unique to the Atlas II and 
Centaur will have to be added. 



Major refurbishment will be required to the Uaoilical Tower 
(01) and Hobile Service Tower (HSI) for en Atlas H/Centaur G ! at U-Jn. 
This pad has not been used since 1977 and Its condition has deteriorated due 
to corrosion. Major ground structure requires inspection to establish its 
integrity. Items requiring repair and/or replacement are: bolted connectiohsi 
platforms, stairways, handrails, .elevators and the onmental Shelter (EB). 
An early inspection of the HST and ijabilieal Tower (DtJ ia essential to define 
their current condition and structural capability. It is necessary that the 
Architect and Engineering (A4I) firm which will do the design for the facility 
modifications be placed on contract as quickly as possible to assist in 
scoping refurbiahaeat and repair tasks. 

The .major modifications to the HST will be to provide access to 
the various areas of the Atlas JX, Centaur G' and PLF. Elatfora hole diameters 
bill he increased, elevations changed and new platforas added. A new environ- 
mental shelter is required for the payload, Centaur G' and payload fairing. 
An ordnance type area is required for receipt, checkout and storage of the 
solid rocket motors, 

Jhe Atlas II is a new and larger launch vehicle and thus 
requires a large amount of new support equipment.' A list of these major items 
includes a transforation strong-back trailer; launch aountj liquid oxygen - 
[cryogenic) loading system; KP-1 loading system; liquid and gaseous nitrogen 
systems; helium system; on pad stretch and tank pressurization capability; 
Atlas it, Centaur G', and payload air conditioning systems; nitrogen and 
helium purges for Atlas II and' Centaur' G' after cryogenic loading; mainten- 
ance, service and checkout equipment for the liquid rocket engines; and elec- 
tronic checkout equipaent. Existing Centaur support equipment at LC-M 
requiring refurbishment, replacement and/or modification are the liquid 
hydrogen, liquid oxygen, liquid heliua, nitrogen, helium, loading and storage 
equipment and electronic checkout equipaent. Hew and/or modified transporta- 
tion, handling, and checkout equipment (froa the existing solid rocket motor 
(SRH) programs) can he adapted for the four SSMs. The existing PLF assembly 
set will he modified for the larger diameter and longer PL?. 



b. j flifflc^-YeMc lfi and fevload Eroceasing 
(DJUtt-XI 

The Atlas II will be unloaded froa the shipping barge and 
towed on its transporter to hanger J in the Cape Canaveral AFS industrial 
area. Either the NASA unloading dock near the Vehicle Assembly Building (VAB) 
or a dock at Port Canaveral aay be used for unloading. After inspection and 
minor processing in hanger 3, the Atlas II vlll be towed to LC-iil. the 
transporter will be connected to a rotation fixture, the 50 ton HST crane 
will raise the Atlas II to a vertical position using the trailer frame as a 
strong-back. At this tiae the Atlas will be lifted fro* the rotation fixture 
and placed on the launch aount. The SDKs are then installed on the Atlas II 
thrust section while it is in its vertical position. 

£2) Centaur G' 

The Centaur C proposed teat flow sequence is to receive, 
inspect, and process the Centaur stage at LC-36. The vehicle will he erected 
on a stand and completely checked-out. A cryogenic propellant loading test 
will be performed. The Centaur G' mounted on the Atlas II interstage adapter 
will then be transported to LC-41 and installed on Atlas XL 

(3) f^oad.£ajriJg,gr«,e33ing 

The Atlas H/Ceataur payload fairing will be received and 
processed at the existing payload fairing storage facility in the Missile 
Assembly Building (MAB). The individual sectors will be inspected and double 
wrapped for storage. Vhea required, the individual sectors will be trans- 
ported to the payload/Centaur G 1 encapsulation facility. Currently, it is 
planned to use the highbay transfer aisle in the Shuttle Payload Integration 
Facility (SPIF) for this event. The upper section of the PLF (the lower 
section will be installed around the Centaur G ! on the pad) will be assepbled 
in the transfer aisle. The PLF will be placed over the payload and secured to 
the pallet, 2he encapsulated payload/PLF will then be moved through the air 
lock and into the center high bay of the SMAB. !he 305 ton highbay crane will 
lift the encapsulated payload onto the HASA transporter, 3be transporter will 
take the encapsulated payload to LC-41 where it will be lifted into the 
Environmental Shelter for mate with the previously assembled Atlas II and 
Centaur G 1 , 



Subsystem and system tests will be performed on the Atlas and 
SRHs using facilities at LC 41 and 36* Atlas checkout equipment at l»C-36 can 
be nodified for checkout. Electrical equipment similar to that on the Titan 
IIE/Centaur Hobile Transfer Room vlll be used in conjunction with existing 
A2A lines for checkout of the Atlas II and Centaur G', 

Subsequent to Atlas II checkout; the encapsulated payload, 
Centaur G', and PLF are mated to the Atlas II, and a booster Combined System 
Test conducted. 



A dual propellant lead test Mill be conducted to verify the 
integrity of the completely assembled vehicle systems and tanks. 



Die following studies say be seeded: 

a. Conduct a study of the exhaust gas flow fron the five liquid 
rocket engines (LREs) and four solid rocket engines (SEHs) on the Atlas II to 
deteraine the capability of the LC-41 "exhaust duct to accept this gas flow. 
Deteraine and evaluate the iipaet of resulting overpressure, ignition 
pressure, acoustic and theraal environments on the launch vehicle, payload and 
critical support equipaent components. Consider the effect of thv proposed 
sequenced start of the IBBs and SHHs. Define and implement corrective action 
where required. 

b. Perforn a study ts deteraine the type of launch mount, vehicle 
hold-dowci release aeebaniaa and release sequence required. 

c Conduct a launch vehicle drift study to establish 3 launch mount 
configuration that is compatible with, high ground winds placards. 

d. Perform a study based on payload, Atlas H, Centaur and payload 
fairing cleanliness, huaidity and air conditioning requireaents to define 
■eOTironnental shelter requirements. This stady should trade-off local envi- 
ronmental control at Kf access doors via tents or hoods vs. a totally con- 
trolled environaental shelter. The possible modifications required for the 
shelter door and roof should also be studied as a trade-off. 

e. During KST Modifications for the Titan HIE/Centaur Program in 
early t970's, the HST was beefed up structurally for 78 m.p.b. winds. After 
design modifications are identified for the Atlas II launch facility, to be 
consistent with program aission requirements, the new wind structural capabi- 
lity should be deterained. If required, additional HSt structural capability 
should be provided. 

f. The launch base documentation and reports that will be submitted 
to the customer should be agreed to early in the program. Documentation aust 
be maintained on the modifications to the facility and all aspects of the 
launch base processing. The use of informal submittals! sketch engineering 
and drawings can reduce paperwork costs. The contractor should address his 
approach to launch base documentation in the study phase. 



C Shuttle Component Vehicles 

Operation of the 5RB-X class vehicles from HASA STS launch 
facilities .at ESC does appear to pose some problems. Some, aodificatiefts add 
additions (such as a payload processing facility) say be needed but existing 
crews should readily adapt to the heeded operations, If the operation is to be 
a coaaercisi enterprise, the operators 'being KASA for the SIS,, and contractor 
personnel, for the SRB-X there may be some difficult? la reconciling conflicts 
between the HASA STS use of the facilities and use by the commercial 
interests. 

1. SBB-X Vehicle 

The elements of SRB-X ground operations at £SC are shown in 
Figure AV-2. The payload Is processed in the VPF. All vehicle elements are 
then assembled in the Vehicle Assembly Building (7AB) and transported to the 
pad. Payload access for contingencies is available on the pad. Turnaround 
tiioe was estimated to be slightly less than that of Shuttle. To perform 
required ground operations at ESC, some facility modifications are necessary. 

Standard Solid' Booket Booster (SHB) recovery philosophy for the 
first stage boosters is utilized in the SBB-X cias3 vehicles. The payload 
shroud or fairing is jettisoned when dynamic pressure drops' to 1 JSP. liftoff 
acceleration is typically 1.8 g, aax first stage is 2;9 g, &a* second stage is 
.3,6 g; Maximum Q is less than 1,000 FSF. 

Standard STS launch control elements would be involved with the 
use of STS launch facilities; Keeesaary use of STS launch and control 
facilities, with their inherent levels of support overhead, appears to be a 
distinct economic disadvantage to the SRB-X class vehicles as compared to 
commercial ELVs. 



ONLY HEMS PECULIAR TO SftB-X - NOT TO SUPPORT 
FLIGHT BATES GREATERTHAN'SfS CAPABILITY 
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VI. ACQUISITION STRATEGY 

A. CcntracUm Accroach 

1, Risk, .-Asfleflsmeat 

The tasking requires a filed price procurement of 10 or mere 
ELVs at two per year with first launch in FI88 or 89. The Contractor is 
required to finance development, production and launch services. The SOD 
contract sill be structured to make milestone oriented payments one yes* prior 
to launch. The Contractor vill recover non-recurring costs over the initial 
quantity of SOD launches. The DOD contract, to he awarded by 1 Oct 34, vill 
stipulate a cancellation liability for all costs up to a predetermined ceiling 
incurred by the Contractor in the' event the total prograa is cancelled and the 
total quantity of BOD launches is not purchased. Alternative contracting 
approaches are driven by risks inherent in this procurement. 

a. JkdffliaaLEisli 

The program bears lov to moderate technical risk, Viable 
alternatives vill require design of modifications to existing hardware and 
vill use existing design concepts to a large extent. 



Lot? to moderate schedule risk is & direct result of the long 
term nature of this effort (9 to 11 years) and the scheduling complexities 
inherent in long term projections; however, such risk is assessed as manage- 
able. 



Pricing of this effort involves cost estimates for design and 
development ClSS^-ISSS); cost estimating for manufacturing 10 ELVs with some 
undefined design characteristics (1987-1953); cost estimating for launch 
facility modification vith exact interfaces TBS during design; and cost 
estimating for launch services (1987-1993). Although each of these individual 
efforts has a long history to serve as a foundation for «ost estimates and 
would represent low to-moderate risk, overall eost risk is increased when 
considered in the aggregate. Cost risk of establishing a fixed price arrange- 
ment at the outset, covering the life of the program, is considered greater 
from a contractual viewpoint. 

Three alternative pricing arrangements suitable to this 
procurement are available under rixed price type contracts: firm Fixed-Price 
(FFPJ: Fixed-Price Incentive, Firm Target (FPIF); and Fixed-Price Incentive, 
Successive Targets (FPIS). Although from a policy standpoint, FFP contracts 
are the preferred type, this acquisition situation leaves some question as to 



its suitability because of the long period of performance and technical 
uncertainty. An FPXF arrangement would allow the Government the ability to 
incentivi2e the contractor to control costs and reduce the overall costs of 
the program to the Governieni.' 3he problems of length of contract and techni- 
cal uncertainly remain active in this context. An FHS arrangement would be 
the most difficult to construct at the outset and requires an additional nego- 
tiation at a later point in tine. This approach does, however, mitigate to 
some degree the problems of length of contract and technical uncertainty by 
allowing for adjustment of contract price at a point in Use where a greater 
amount of cost information would be available. The only other mechanism for 
reducing technical and cost risk inherent in this program would be to award a 
Phase I contract for the initial launches followed by a Phase IX contract for 
the remainder of the program. Any of the above approaches can be structured 
with appropriate performance incentives. 

3. Performance Incentives for Launch Reliability 

111 of the alternatives in this subparagraph are based on a EOH 
of $200 million/launch. Ho consideration was given to the possibility of 
demanding compensation for loss of spacecraft due to launch failure. 

a. Alternative 1 

The Contractor would be paid a fixed amount one year prior to 
launch. Assuiaing that the first launch is the most important, there would be 
a significient positive perforaance incentive for a successful launch. Each 
successive successful launch (2-10} would have as increasing positive 
perforsance incentive. In addition to the performance incentive for each 
launch, the contractor could earn additional incentives for consecutive 
successful launches. The incentives for consecutive successful launches would 
be on an increasing scale as indicated in below. 



COHSSCOOTE S0CCESSES 



b. 43.terjiative._l 

Alternative 2 is a simple* approach to perforaance incentives. 
Based on the dollar amounts selected, this alternative can be used to 
establish both positive and negative incentives for the contractor. 
Hepresentative amounts which could be paid to the Contractor for various 
success/failure scenarios are shown below. 



EACH SUCCESSFUL LASNCH 
PISST DKS8CCSSSFHI UOKCH 
SECOHfl DHS0CCESSFUL LAttHCH 
THIHD MSUCCESSF& UBHCH 



The table of payaents per launch could be constructed in such a fashion as to 
assure that the Contractor would recoup only coats for the first unsuccessful 
launch and the negative incentive would cone into effect fron that point on. 

4. Alternative Aoouiflition Approaches/Methods 

- a. ■Cpntrsc^_for_Bapplie3/Sergicfis 

The requireaent is to contract for launch vehicles to place 

spacecraft into orbit. Historically, the development, ■anufaeturing, launch 
facility Modification, and launch services nave been contracted as separate 
entities. The instant acquisition requires a single contractor to establish a 
total price for all activity incidental to svecessful aission accoaplishaent " 
(satellite oa orbit). Treataent of this requireaent on a services basis would 
place strong total systea perfonanee responsibility on the ELV Contractor. 
If a services approach is taken, careful attention will be required in estaV 
listing necessary controlj doomeatatioa, and acceptance checks and balances 
to provide the payload agency a satisfactory level of "aission assurance*. 

b. Holti-Teqr procaresect . ^lffP . VV*^ " 3 . Conventional Approach 

Each of these approaches has advantages and disadvantages. 
This procureaent could be construed to aeet the criteria for HIP, altsouga the 
stability of design Bight be open to Question. This approach would allow the 
Contractor and Gorernwnt to tike advantage of econoaical order o&a&fctties end 
build rates that Wight not be available otherwise. HIP would require Congres- 
sional approval and waiver of the limitation inposed by the live Tear Defense 
Flan. The alternative is a tore conventional approach with minor aodifica- 
tions for the peculiar situation: let a contract for the ten ELVs and allow 
the Contractor to approach the fulfillment of req&irenents is the fashion aost 
suitable to & eoaiereial ehviroment. Bis approach would require that the 
Goverment cover the Contractor's cancellation liability should the progrsa be 
cancelled because of circuastMces beyond Ma control. She oaaceuatdon lia- 
bility would be an increasing aaount through the first launch and decrease 
after that point. The canoellatoa liabiUty would require an up front funding 
or a oooBitient from the Congress to sever the costs in the event of a 
cancellation. 

c. |Co s^ftf a -i Bo jne j 

Iatereet on borrowings is not an allowable cost under the 

Federal Acquisition flegulation (MS). As the Contractor will not receive 

payments until one (1) year prior to launch, it will be necessary for Ma to 

finance a large portion of work that would usually be covered by progress 

AF1HTOXX 



To accosodate sue of the unique features of the approach being 
takes to this acquisition, the contract that is awarded will require a ausbsr 
of special provisions. 

S, MflfcrwBPrtty Casta Allapatal flygr GogqrrayOt Tmjefrjelq Buy 

This provision would establish the GortrBteat's intention to 
corar all of the non-recurring costs associated with the production of comer- 
oial SLTs. 

». Povmrard Pries Adlust«at for Corneal Sales foceedla|r gatiaat* 

This provision would allow the Goveraent to receive a price 
redaction for the par reside price should sales in the eoaiereial area exceed 

the Gorer&Mnt's estimates of potential sales* The exact asefcanisi will he 
provided for la the contract. 

O. Cancellation Ceiling fKTP <BPraaohl 

Should the Goverment elect to award an HI? contract, there 
will have to be a provision for a cancellation ceiling. The cancellation 
ceiling would be eased on the Goversaent estiaate, as aodiffLed in discussions 
with the offerors. 



Should the Govewaeat elect to award a contract other than HZ?, 
there will have to be a special provision that deals with the Governaent'a 
liability for cancellation. 

e, ttwhamit freemtivf- Bights to Vehicles la Bargeae? 

This provision would assure the GcveraBnt access to ecmrcial. 
vehicles, developed for coaa«rcial users, in tines of emergency. This 
provision requires a good deal of consideration of- what constitutes an 
eaergenoy. 

f* PP., fflUt. gncwtffl ..Seacecraf.!;,. Swrjaw 

Should the Governaant elect to contract for the service of 
placj.bg a spacecraft on orbit, there could be a special provision to DD250 the 
laup/jh event at successful separation of the ELY and spacecraft. 



A good deal of emphasis is placed c 
To protect the Contractor's rights, a special provision v 

tmsax 



developed to pay the contractor tor a launch failure that vas beyond his 
control, The Mount of payiant need not necessarily be the ease as that for a 
successful launch. 

h. Total Syatca flwppBalbmty 

the ELY Contractor is exacted to produce the ELY, acquire the 
Centaur, and assure coapatibility of the full»uj> ELY and spacecraft through 
integration* Although there will he Torious Subcontractors and Contractors 
involved in this situation, the ELY Contractor Bust retain responsible for the 
placement of the spacecraft into orbit. A special provision aast be written 
to assure this. 

i, l*i*mttieabLat> tWar ftftlle Lw 8^-80^ 

It is assnaed that the potential offerors will request indesini- 
fioatton. It' will beeoae necessary to respond to these requests by either 
rapidly processing the necessary packages or by incorporating a savings prori- 
sion in the awarded contract, A savings prorision could be constructed that 
would allow for no adjustment to contract price based on either approval or 
disapproval of the requaat, 

j, CwswrfaT. ffiift of tanaa Vehicles 

One of the aspects of this venture is that conerdal users 
will be allowed to use launch facilities at the saae rate as SOD users, 1 

special provision addressing this nay be required, 

8. CEYiE^o^'-^tr^.kJasill^? ^flvr^a.iian 



Ihls has been discussed previously. MP would require 
Congressional approval. Under the conventional approach, length of contract 
is not a probles. 

a. Funding of LlaMlttr for CsaoeUaUqn 

This has been discussed previously. Congressional authority is 
required. 

3. iaartigation of Son-recurring Coats Over Sorei-Meat But 
This has been discussed previously. Authority within DQD. 

4. Souse Division Cnmanrtfr's Policy on Space Parts 

As this is to be conaerciai venture, the Contractors should be 
allowed the option to buy parts as necessary to seet the overall perfomance 
requirements of the vehicle. To allow the Contractor the option would require 
a waiver of the SB Coswmder's policy concerning parts to be used in space- 
waft. 



5. faft af tottabl* ftmda 

Became this procurement has aspects of both supplies and ser- 
vices ud because funding may come from various users, it is anticipated that 
various types of monies uttl be wide available to fiance the anticipated 
contract. As available funds may not aatch the type of work to be aoooa- 
plished, a deviation to use funds as required to eoiplete the contract should 
be granted. 

6. P^Tieptfa 

The contract will provide for payment one year prior to launch. 
is the contract is structured, careful consideration sill he given to 
establishment of specific milestones upon vhich payient tdll be based, 

7. Varfflcatien of GPP/OPE/SE 1 guftl fast- Support 

the lead time to release of the request for proposal say not be 
sufficient to datentne all iteas that the Government sill supply or to verify 
the availability of such iteas. Because of this, it vill be necessary to 
include sou items in the HFP on a Effl basis. 



Authority idtnis SOD, 
SqnWe Selection 



She necessity of making a Source Selection in FlW requires 
that key personnel be available on as ■Off CALL* basis to eonplete assigned 
portions of the Source Selection, 

b. Delegation of Authority to Snaee Dlyiaion fiatoirit* 



o. Mlt gf gffergr'B PrgWHlg 

The Source Selection will take place on a compressed tlae 
schedule. In addition, unanticipated events say coapress the time schedule to 
an even greater degrw. In such an instance, it may not be possible to allow a 
full forty-five days for Defense Contract Audit Agency (DCAA) audit. 



2, SQi^i^Sel^ti ofl Safodulft 

a, coinppeaaiep'af Sefrdffi 

Koilnai scheduling for a Source Selection of this ■agnitude 
rill sot seat * contract avard of 1 Oct 84* The schedule rill require 
significant ecapresaion (Figure 1VI-1). The schedule spresaion rill require 
support at si! lerels daring the- wrious reiiev processes. 

b. KilMtcas ScfacMc. 

Section TH contains a top ItVel rilestone schedule deTtloped 
to seefe a 1 Oat 84 contract avard. f Sorial or standard ti» interwis it.it 
been eoaprwsed to aeet that date. 

c BMiPftfls/Contraet Strategy. Decision Schedule 

It iot Strategy will be 

discussed In by .Space Division, 1FSC, and BQ BS1F toe week of 13 Feb 84 

and solidified by -the ice* of 20 Feb 84. IF? preparatioii rill ft)*a*ace " :the 
¥eefc of 27 Feb 84. 



ELV Contract 




VII. HttBMSE SCHEDULE 

L ^"an-gfe/ftBtow P BnwHiw IWflrnimt n„ "w 1Wmn , r 

The preliminary baseline development plan, Figure AVII-1, 
iAatlflM the Major program milestones of System Design Bevlew, System ftt- 
liminary Design Bevies, System Critical Design levies, first flight article 
deliveries, Centaur g> and Payload delivery to the launch eomplei and Initial 
Launch Capability, Activity duration for engineering deal™, .luf acUriS 
tooling, raw material procurement, fabrication, assembly, development test 
programs, Installation of engines and avionics on the core vehicle, solid 
rocket motors build up, and launch operations on pad are suunrfeed. Initial 
Launch ^ability is 1 October 1988, with a potential Improvement of eight 
(8) months milestones as the baseline plan. 

p* Preliminary design/development plan, Figure AVli-2 identi- 
fies tte approbate time spans for engineering, design, ran "material procure, 
ment for test hardware and flight hardware, fabrication and assembly of test 
hardware for the major contractors of core vehicle components, ffie development 
test program for the core vehicle will Include structural tests for Stage I 
and Stage n, ae pjiyioa^ fairing modal survey will utilize the core vehicle 
test code hardware and teat set-up following the payload fairing separation 

So fa L S Hf r 7 i T? "- "^ TOCltet B '' t ' JP d « d °i»'* «m' "»m*w with 

two (2) static firing tests, fte liquid rocket engine nonrecurring activity 
includes a modification to the Stage II ablative skirt to accomodate the 
extended burn tins. 

The preliminary baseline launch operations plan, Figure ivn-3 
is based on tie concept of installing the engines, avionics and black bores on 

BulX rv™ %** £,* "T^"** 1 P ° 3itUi!1 *» th * fcftltal Integration 
Building (VIB). the solid rocket notors will be built up directly on the 
launch eomplei and the core vehicle will be erected between the solid rocket 
motors. The Centaur G' , payload and payload fairing will then be added to 
the booster vehicle stack. 111 of the subsystems and flight vehicle system 
checkout activity will be performed while oh the launch couplet. ■ 

The recurring launch operations for the Titan 34D,, vehicle 
currently planned as a 23 week activity from hardware receipt at Cape Cana- 
veral Air Force Station to launch, with launch comples refurbishment planned 
as a three (3) week activity, supporting a launch rate of two (2) per year. 

i J™? rat , B 0f ,S°; W per year ra ° *° ^"PUshed by augmentation of the 
crew size and multiple shift work scheduling. 



Titan 3407/Centaur Baseline Development Plan 




Titan 34D7/Centaur Desip Development Plan 
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Titan 34D7 /Centaur Baseline Launch Operations Plan 
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b. MiasJI 

The Atlas II/Centaur G' first-article schedule, Figure AVII-f, 
is preliminary and will be further defined as the current concept definition 
study progresses. Based on a prograa start of 1 October 1984, a first launch 
capability can be achieved in October 1986* 

Since the Centaur G' will remain basically unchanged, the start 
of toe design effort was delayed five months to March 1985 to avoid early 
nanpover peaks with tie Atlas It design. However, analysis and requirements 
effort will start is October 1994, A Centaur G' can normally be produced In 
28 to 31 months, whereas the schedule allows 39 months; therefore, Centaur C' ( 
is not a pacing item. 

The prograa has two critical paths that determine the earliest 
launch availability to be October 198*8. The first critical path is the deli- 
very of the E-1D -engines manufactured by gocketdyne. Based on a prograa start 
of 1 October 1981, the first set of five engines is scheduled for delivery in 
July 1987* These engines are required on dock one aonth before the start of 
final assembly of both the Atlas it tank and thrust structure. Based on this 
delivery, the earliest the Atlas H veE&e could be completed, working two 
shifts during final assembly, would be the end of January 1988. This supports 
an October 1988 launch, with one south for shipping and booster preparation at 
Hangar J, and seven months on stand for the first article* 

If the modified Aerojet Titan III engines were to be selected 
in place of the Rocketdyne H*1P engines, s seven-aonth launch delay would 
result due to the 3 1/2 year delivery requirement for modifications for 
LOg/RP-l use and the requalification prograa. 

The second critical path is design and manufacture of the Atlas 
thrust structure for both the test and. first flight vehicles. The engineering 
design of the thrust structure paces the develGpoent of the numerical control 
tapes and the machining of the parts required to start the test article thrust 
structure build-up. To complete all testing by March 1988, concurrency 
between the test vehicle and the first flight vehicle will be required during . 
thrust structure barrel assembly. This, in turn, will require a partial 
duplicate barrel holding fixture. " 

Test vehicle barrel assembly starts in October 1985, followed 
two aonths later by the flight vehicle, ftia creates a one-month overlap of 
the two vehicles. However, the senedule allows one month contingency between 
thrust structure barrel ssseably and the start of final assembly. This covers 
any contingencies that might develop. 

Early in the program, transonic wind tunnel testing will be 
performed. Scale noo'ela will be built to perform the test in existing AEDC 
test facilities. Pacing the completion of the test program is the manufacture 
of the test tank (stub) and thrust structure as described earlier. The first 
test will be the engine frequency response test using surplus engines* This 
test will obtain closed-loop oharaetertistics of booster and sustainar engine 
electro-hydraulic servo system. This will be followed by a limit and ultimate 
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load structural teat. These testa will be complete in March 1388, 6 1/2 
months before launch availability 

The schedule tine required to design, modify, and validate the 
aita at ETB is less than 36 months. Therefore, the start of Ground Support 
Equipment (GSE) and Architect and Engineering Ik & E) design vas delayed three 
to six months, respectively, to reduce the manpower requirements during the 
intitlal phase of the program The site nodificatioA schedule easily supports 
all program requirements. 

The production of the ten vehicles would be on six-month cen- 
ters} however, this could he reduced to three-month centers sere the launch 
schedule requirement to change* 

The first vehicle is scheduled for seven months on stand to run 
the various teats and proof out :the total system. After the first launch, the 
stand time will be reduced to approximately three months, thereby allowing 
flexibility in the launch requirements. 

C. £2&L 

The schedule is Figure AVII-5 shows that the SEB-I concept 
could be developed within 54 months from ATP to first flight. This does not 
include tine for trade studies, concept selection and competitive selection of 
s development -contractor. This activity would udd at least an additional 24 
months to the schedule. 
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I UJTRODSCTION 

DOD small payloads now flying on the Atlas-E space launch 
vehicle are transitioning or planning transition to the Space Shuttle. These 
payloads Include the Defense Meteorological Satellite Program (DHSP) and the 
RAVStAR Global Positioning Systei (GPS). When the last of the Atlas-E 
vehicles is flown, transition of the snail payloada to the Space Shuttle will 
be completed, 

Vita the deactivation of the Titan II weapon system from the 
strategic deterrent force, a valuable national asset is becoming available as 
a possible space launch system for small payloada. 1 fleet of 56 Titan II 
vehicles will ultimately become available when deactivation ia completed in 
1987. 

This study examines the technical viability, schedule, costs 
and risks associated with use of the Titan II and other candidate expendable 
launch vehicles (Atlas, Delta and HX) for small payloads. The co3ts of using 
the Titan II for launching DHSP, Kavstar GPS and other DOD and civil payloads 
are compared to those for launching these payloada on the Space Shuttle. 
Results of this study indicate that use of the Titan II as a space launch 
vehicle Is technically feasible and cost effective and that sufficient poten- 
tial payloads exist to support a continuing program. 



II THAU II 

A, DESCRIPTION 

lbs litan II KM is an lnertlally guided, silo-launched, two 
stage, liquid engine aissile system. Two modified Titan II configurations 
vera considered for use as space launch vehicles (Figure II-1). 
). IWUuratlm One 

The first configuration is planned for the lighter weight, low 
altitude orbit psyloads. This confijuratiofi utilizes an 8 i 26-ft payload 
fairing! aodiflcatlons to the instruaentatlon, trading and flight safety 
systems; and incorporation of digital flight controls. The engines would be 
refurbished and hot-fire tested. 

This configuration is planned for the heaviest and highest 
altitude ilssion requireaents, sues as GPS. Perforoance is enhanced by the 
addition of four CASTOR IV strap-on solid rocket aotors and an Improved Pro- 
pulsion Space Kotor (IPSH) third stage (Figure II-2). Other aodiflcattons for 
this configuration are very oiailar to those for Configuration One, esoept for 
use of a 10-ft. i JWt payload fairing. To incorporate a 10-ft diaaeter skirt 
to sapport this payload fairing, It is necessary to replace the sjisting 
forward done of the Stage II taut with a new I fraae and a new doae. 
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B TITAH II I 

In evaluating tbe performance requirements of tbe Titan II, 
several candidate payloads here considered: DH$P, National Oceanic and Atmo- 
spheric Administration (HOAA), Space Test Program (STP), and GPS. Figure II-3 
presents tbe payload requirements versus Titan II capability for each siissioa 
when launched from Vandenberg AFS (VAFB). " 

The Configuration -One Titan II baa adequate capability for both 
SHE? and HOAA, but is inadequate for the requirements of GPS (Block III). 
However, sufficient perforaanee to boost GPS to its 10,898 nautical sile 
circular orbit is available from tbe Configuration Two Titan II with the four 
CASTOR IV motors and the third stage. 
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C TITAS II SCHEDULES 

Since the current UHSP and HOAA payloads are committed to Atlas 
launch ?ehieles until the fleet of Atlas-E vehicles is depleted in 1988-89, 
the developaent schedule (Figure 12-4) for Configuration One Titan Us ie 
tailored tc provide launch capability beginning, in 19B9. By scheduling con* 
tract go-ahead for 1 Oct 65, the launch ere* continuity at VAFB can also be 
preserved. 

The schedule for Configuration Two is based on the Block III 
GPS launch requirements. The associated developaent prograa would be similar 
to that of Configuration One vith contract go-ahead in mid-1588 and launch 
capability by January 1991. A decision would be required earlier, however, 
for the GFS spacecraft to support developaent and procuresent of the Block III 
spacecraft. 

The proposed launch nodel for the titan II space launch vehicle 
is shown in Figure II-5. Based on this launch nodel, a launch rate of 6 per 
year was baselined. 
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D TllJffi II TECHKiCAl RISK 

From 8 technical standpoint, the fact that ell of the required 
Bonifications to the Titan II for Configuration One employ existing Titan III 
technology and hardware sates this program lov risk, in addition, the on- 
going Titan II ICBH Service Life Analysis Program (SLAP) and Reliability, 
Aging, and Surveillance Program (RASP) results indicate that a very Ion fall- 
out of Titan II hardware is expected In the refurbishment and reacceptance 
program. 

Since Configuration Two requires incorporation of an upper 
stage and the CASTOR IV strap-ons, * 30-fcOntb schedule would sees to present 
sone risk. However, it should be recognized that the new stage incorporates a 
totally developed and tested notor and that the CASTOR IV motors are off-the- 
shelf equipment requiring no modification. Existing studies and experience on 
incorporating strap-on solids on the Titan III. configuration contributes to 
minimizing this concern. It should be noted that the upper stage consists 
basically of a solid rocket motor and a propulsive spin system adapted free an 
existing stage, which should present no development or production problems. 

The higher thrust and heavier payload on Configuration Tvo will 
require additional analyses and testing. It is also apparent that the struc- 
tural design will need to be stiffened and/or strengthened in the areas of the 
tank bottom and CASTOR IT attachment. Structural testing will be required to 
ensure flight reliability of the modified structure. 

Based on the above considerations, the technical risk for 
Configuration Tvo is assessed as low.- 
E TITAN II COSTS 

This section identifies the cost impacts of utilising Titan II 
for CHSP, NOAA, STP, and GPS. Costs impacts to DOD, all 0. S. Govercaent, and 
all Shuttle users are presented in Figures 11-6, 11-7 snd II-8, respectively. 
The cost impact to DOS of use of Titan II to launch DHSP, STP and GPS through 
1991 is i potential net savings of over $600 million then year dollars for the 
baseline case In which fiASA is able to resell all GPS Shuttle launch slots. 
To effect these savings, near term monies *re required. The potential impact 
to all U.S. Government users, including DOD, is a savings of approximately 
$800 million thee year dollars for the baseline case. Figure XI-8 shows the 
potential impact to all Shuttle users. 



1, The impact elements in Figures II-6 thru II-6 are: 

The costs for Titan II include non-recurring development, 
recurring hardware procurement/modifications, launch pad modifications, pay- 
load integration and launch operations for both Configuration One and Two. 
These costs reflect a 31 vehicle flight progran through 1994. 

o, aiitti; riiat ctot.&Tiag 

The savings through-use of Titan II launches art rallied in 
the year prior to launch. The Shuttle full-coat recovery flight charge tsti- 
■ate vaa derived from the latest available MSJ data It SO? 83-2, dated 
lug 83. 

These savings result from deleting the need to design dual 
EH/Shuttle compatible spacecraft as presently planned. M!SP end 8041 could 
continue to procure the same basic - apaeeeraf t as now fliea oa itlas-E. Sav- 
ings in Figures U-6 and II-7 reflect amounts currently in approved budgets. 
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d, STS Impact Cost 

The STS operations costs are comprised of both fixed and vari- 
able costs. When the STS flight model is reduced, the cost per flight of the 
remaining Shuttle flights vill increase to offset the pro-rata portion of 
fixed costs apportioned to the deleted flights. As it is highly likely that 
the deleted GPS Shuttle flights will be resold, since they are PAK-D II 
missions, the baseline case used in this study assumed GPS Shuttle flights at 
ESC are resold but deleted VAFB Shuttle nights £e*g. ( DHSP) are not 
2. Titan II Cost _ifl3k Assessment 

Costs vere examined for both completeness and reasonableness 
and include both Shuttle and ELY cost considerations. The Titan II cost risk 
assessment addresses the risk for total program growth. 

Modifications proposed for Titan II are similar to efforts 
completed in the past on both the Titan III program and the Atlas overhaul 
program. This similarity provides confidence in both the technical and cost 
risk assessments. The contractor Estimates for nonrecurring and recurring 
costs vere reviewed and adjusted to include elements of cost knows to have 
been omitted and to protect against unknowns. Based upon the above, costs are 
believed to be complete and reasonable^ 
3* Jifc " Jt le __ fi EPa, c i .t 

The scenarios relating to the impact to SOS and the impact to 
other Shuttle users are affected by the Shuttle cost per flight assumed in the 
1990-1994 time period. For purposes of this study, a flight charge of $133 
million in FIB3 dollars was used for KSC flights as discussed in paragraph 
E.l.b, 

Although not included in this analysis, there exists an addi* 
tional potential cost savings resulting from the cost amortization of eventual 
replacement orbiters. The arbiter amortiiation cost savings can be calculated 
based upon a $2 billion cost for e replacement orbiter divided by an assumed 
life of 100 flights for a value of $20 Billion per Shuttle flight not required 
to fly Titan II payloads. 



Ill ATLAS 

The candidate Atlas vehicles to support DHSP and GPS class 
payloads are tbe Atlas B ant! a stretched Atlas K. For tbe DKSP mission, the 
current Atlas H easily satisfies tbe performance requirement. 

To Meet GPS performance, an Atlas K vith additional tank 
stretch would be required. Tbe Atlas I is tbe Atlas H with Atlas E avionics 
and & tank stretch of 163 inches. Figure IXI-1 depicts tbe Atlas H and Atlas I 
rehicles, and Figure HI-2 presents the performance capability of each. 
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Military Uses of Space: 1946-1991 



Military Uses of Space: 1946-1991 providesa detailed record of the strategic importance of She U.S. 
military space program Irom the conceptualization of the uses of space to the present realization of 
advanced capabilities. Materials were identified, obtained, assembled, and indexed by the National 
Security Archive, a non-profit, Washington, D.C. based research institute and library. The microfiche 
collection is accompanied by Military Uses o! Space: 1946-1991 Guide and index. 

Arrangement of Information on the Microfiche: 

The documents are arranged in chronological order. A unique identification number is assigned to 
each document. Each new document begins a new line on the microfiche. 



Microfiche Numbering: 

The unique identification numbers assigned to the documents are listed in the top right hand come 
of the microfiche tills strip. 

Technical Data: 

Producing Laboratory; Chadwyck-Healsy Inc. 

Date of Publication of Microfiche EdSion: 1991 

Format: 49 frame, 1 05mm x 148mm silver halsde microfiche, 24* nominal reduction 

The arrangement of the pages on microfiche is the property of Chadwyck-Heaiey Inc. Paper copies 
of the arrangement of pages on microfiche may be made without the written permission of 
Chadwyck-Heaiey Inc. for interna! and reference use only and not for resale. 

Distribution Outside the USA: 

Cha/Jwyck-Healey Ltd., Cambridge Place, Cambridge CB2 1NR, England 




Through the use of the Freedom of Information Act and an extensive networkof government, media t 

and academic contacts, the National Security Archive has developedthis varied collection of primary 
materials, just as the type of materials included varies, so does the quality of each document. 

The National Security Archive has made every effort to provide Chadwyck-Healey inc. with the best 
quality, most complete copy available of each document Chadwyck-Hea'ey itjc, has faithfully 
reproduced on microfiche exactly what was provided by the National Security Archive. 

MarryofthedocumentsirM:luc^inthispublication¥rerepreviouslydassifiedbytheU.S.Govemment 
and even when declassified, sections or pages may be obliterated by the government due to the 
potentially sensitive information contained in them. 



cables, memoranda, intelligence reports, briefing papers, Congressional reports, official letters, and 
press reports. Thisvarietycan pre 
and processing cannot entirely o\ 



have been produced to the highest quality and conform to AliM, BSI and ANSI standards. 
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iv can 

The Mtiiiiate Delta launch vehicles ror the D«Sf and CPS class 
payloads ire the Delta 331C and a hlgber performing Delta «920A/PAK (Figure 
n-1). Tie Delta 3310 1» capable of directly Injecting the JHSf/HOU payload 
into the final eiaslon orbit. The GPS nlasion requires developsent of a 
growth Delta, the 49201/HK, ulth 8 CiSTOH I?l lotors, a U-ft tank stretch, 
and ■ large pajload fairing. lie perfortance data for the Delta vehicles are 
shown In Figure IJ-2. 
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.V Ml 

The basic studies done in toe past considered the present MX 
nose geosetry constraint in both diaieter.and length (Figure V-1), Hone of 
the current nllitary spacecraft can be contained within tie MX nose cone; 
Fron a pure performance standpoint, the HI can deliver the current DHfip/ROM 
weight to the proper orbit. Further analyses are planned to develop the 
recurring ■edification, engineering, and hardware costs and schedule -for 
conversion of the MX to a space launch vehicle* 



! Booster Space Launclier 

SPACE LAUNCH SYSTEM 




SHROUD AFT END- 



VI ATLAS, DMA, MI TECBKICAL RISK 

The technical risk for other EL7 candidates is ainiaal for 
those vehicles currently in production; i-e., the Atlas R and Delta 3310. The 
risks associated xlth the Atlas t and Delta »920A/PAK are aoderate-to-lov 
since these vehicles are not presently in developaent Available iaforaation 
on m as a space launch vehicle is not sufficient to lake a confident 
technical risk assessment. 



VII av COST COHPMISOK 

1 cost coiperison of the litin II, the Atlas, at the Delta 
vehicles is shove In Figures VII-1 end III-2 for the DKSf aod CPS ulssions, 
respectively. The cost data indicates that tbe lodified Titan II is the lost 
eoonoailcally attractive ELY for the total payload class requireienta. 
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Titan II Space Launch Vehicle 
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Integration costs are included in the Launch Services 
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FIGURE VII-2 



Till CONCtOSIOKS 

Several Expendable launch Vehicle configurations (Titan II, 
Atlas, Delta) eilat or have been proposed which could meet the performance 
requirements of the DHSP and GPS class payloada. The technical and cost 
analyses perforata indicate that the Titan II space launch vehicle is the 
preferred alternative for these missions for the following reasons: 

- While lodifleations to the Titan IX are needed to support 
GPS, use of Atlas or Delta for GPS requires design and build of new vehicle 
configurations. 

- On a total program unit coat hauls, the titan n is cheaper 
for DHSP and GPS class missions than either Atlas or Delta. The situation is 
further improved if KGAA elects to convert to the Titan IX launch vehicle, 
because non-recurring costs could be shared with then, thus, reducing the 
overall DOD costs. 

- Use of Titan II can be justified as a cost-effective use of 
existing Government assets in which there are considerable sunk costs and 
relatively low cost per flight 

The technical review of the Titan II space launch program indi- 
cates that it is low risk with little development schedule concurrency. A 
program go-ahead on 1 Oct 85 will support a first launch in FT89 as required. 

Evaluation of the cost impacts of implementing a Titan II pro- 
gram on the DOD, on all U.S. Government agencies (including DflC) and on all 
Shuttle users indicates that for a relatively snail near term investment, ' 
substantial long tens savings may be realized by the DOD and by the total of 
all U.S. Government agencies. Some impact could be felt by the commercial/ 
foreign Shuttle users if some of the Shuttle launch opportunities available as 
a result of use of Titan II are not resold by NASA. 

Additional studies are required on HI as a space launch vehicle 
to define the technical requirements on both the launch vehicle and the pay- 
loads. 

Efforts should continue, as currently directed in the PMD, to 
.store deactivated Titan II vehicles and equipment to protect the option to use 
these vehicles as space launch vehicles. Favorable competition of the Titan 
II space launch vehicle alternative in the FT86-90 POM process will allow 
development and implementation of a versatile expendable launch capability 
with the potential for large cost savings. 



i limn 

Vitb the phaseout of Titan II as 
has been given to utilization cf this vehicle 
vehicle for small payloads. 



i space launch vehicle 



The first operational flight of Titan II was in March 1962. 
The last 26 out of 29 Titan II operational test flights hare been successful. 
The deactivation program, which started in July of 1982, is currently 
scheduled for completion in 1987. At that time, a fleet of 56 Titan lis will 
be available for the space launch vehicle program, 

B. fiellabilitv 

A concern about use of the operational Titan II was the 
possible degradation of the system due to aging. To obtain information on the 
integrity of the Titan n system on a ■real-time" basis, the following pro* 
grams were developed by SAC/AFLC and are currently in use; 

1) Reliability, Aging, and Surveillance Program (RASP) - 
"Detection of time-related or other non-random aging modes 
to predict problems prior to occurrence and initiate 
corrective action." 

2) Service Life Analysis Program (SLAP) - "Evaluate the capability 
of the engines to fulfill mission requirements after an 
extended shelf life.* 

Because of the SLAP/RASP testing program, increased confidence 
hac been obtained in the Titan II flight hardware. Further confidence has 
been gained by assembling complete build/repair/ modification data packages on 
each Titan II. Vhile in storage, the vehicles will continue to undergo 
periodic maintenance checks. 

The evolution of the Titan from the early 1960s encompasses 
numerous design changes, performance improvements, and changes in program 
scope. Technical information has been exchanged between the Titan II and Titan 
III programs as problems and/or design changes occured. The net result is 
that the application of the Titan XI as *a space launch vehicle will represent 
a combination of both Titan II and Titan III technology. 



1) Engines - Refurbish and not fire 

2) Guidance - Modification and full acceptance teat 

3) Airframe - Complete inspection and leak test 

4) Electrical - Install Titan III wiring 

5} Instrumentation - Install Titan III telemetry system 
£pfl3t,sr-tos,CjlP&gfl 

i considered for use as 



This configuration is planned for the lighter, low altitude 
portion of the small payload spectrum {SUSP, NOAA and STP). It utilizes an 
8 foot i 26 foot payload fairing. 

a. Modification of the forward skirt is required to take increased 
airloads due to the longer payload fairing. Some stiffener brackets would be 
added to the skirt. A preliminary conceptual design for the adaptation of the 
fairing and payload to the booster is shown in Figure AI»1. This design is 
derived through the U3e Of aQ 8 foot payload fairing and attachment require- 



b. Incorporation of digital flight controls is required because the 
Titan II structural strength was defined for a very short nose cone 
configuration which imposed minor aerodynamic loading. In order to achieve a 
reasonable launch availability with the 26 foot long payload fairing, a load 
pellsf autopilot is required. The existing Titan II autopilot has limited 
capability and would require extensive modification. In addition a sensor 
would be required to measure body accelerations in order to provide load 
relief. 

c The decision to remove the vernier system is based upon the cost 
to replace or refurbish this system and because it is not necessary based upon 
DMSP requirements. 



Titan II - Structural Modifcations 
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e. The Titafr II liquid rocket engines will he overhauled/retested 
Id a program sii to the ;las E engine overhaul program that dramatically 
increased the reliability of those liquid rocket engines by bringing thee to a 
Virtual "as new" condition, the engine system preparation vlll begin with a 
complete, detailed review of the engine records, including all service 
records, to provide e baseline of the engine condition before refurbishment. 

The engines will be returned to the contractor for disassembly 
and inspection, the turbo-pump assembly will be hot fire: (full duration). 
All soft goods will be replaced. Sew electrical wiring harnesses will he 
installed and the engine will be test fired (hot fired) for 2 20-seeond 
truncated duration the sase as has been proven 00 the titan III prograc to be 
the test duration needed to uncover problems. After this, the engine will be 
subjected to the usual post fire disassembly, cleaning and reassembly. Engine 
functions and leak check procedures ylll be performed and the engines will 
then be delivered to the Air Force. 

2. Configuration Two 

This configuration is planned for the heaviest and highest 
mission reqiiireaeats for the Titan II ELV — the GPS mission requirements. The 
basic modifications for ibis configuration are very sicilar to Configuration 
One. In addition, Configuration Two utilizes a 10 foot x 30 foot payload 
fairing; and the performance is increased by the addition of four CASTOR IF 
strap-on soli^ rocket ictors. 

a. To incorporate t&e 10 foot diaieter skirt to support the 
payload fairing, it is necessary to remove and replace the forward done of 
the Stage II tank and replace it with a new K frame and a nev dose. This will 

. require a hydrostatic test of -the rebuilt tank. The configuration change to 
the forward dome is needed to provide the structure for payload and fairing 
attachment; the done and skirt structure will give load carrying capability 
for the payload and provide for attachment of the larger diameter payload 
fairing. 

Removing the previous forward done and reweldiog a nev skirt 
and dome is a vell-practieed procedure, having been completed on each Atlas 
launch vehicle to provide for payload fairing mounting attachments and 
increased forward loads. On the Atlas program, this "ring* welding is done 
on a production basis at the contractor's facility. 

b. Mike Configuration One, the vernier system will be retained. 
The vernier solid rocket actors will, however, be replaced because of age. 
The vernier hydraulic system will be refurbished. The requirement for the 
vernier system in this case is driven by the GPS (ission which requires post- 



Titan ll/GPS Configuration 
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c. Configuration Two will be provided with a third stage 
(Figure Al-2). This upper stage will be similar to the stage flown on tee 
Atlas E for GPS. The STAB 48 solid actors will be replaced by Improved 
Propulsion Space Motors (IPSHb). 

d. The primary configuration difference between Configurations One 
and Two is the addition of four CASTOR IV strap-on solid rocket motors. These 
Motors are burned two at a tine— the first set, fro* booster liftoff until 
approximately 60 seconds after liftoff; the second pair ignites at 60 seconds 
and are jettisoned at 120 seconds. This addition will require aodification to 
stage I of the Titan II to strengthen and provide structure for the CASTOR 
attachments and separation mechanism. Figure AI-3 provides a comparison of 
Configurations One and Two. 

D. Modification Plan 

1. The method of modifying the Titan lis into ELVs differs with 
configuration. For Configuration One, the entire modification will be per- 
formed at Vandenberg AIB (VAFB) by the launch crew. Zits vill be provided by 
the contractor which will include structural details, adapters, lodified and 
new boxes, and all refurbished hardware. The engines and guidance systea will 
be delivered to VAFB froa their respective contractors for installation by the 
launch crew. Vehicles will be stored at Korton AID prior to shipment to VAFB. 
The engines and guidance system will be removed at Norton AFB and shipped to 
the appropriate facility for aodification, retest and refurbishment. 

2. For Configuration Two, the modification plan will differ. The 
vehicle (without engines sod guidance system) will be shipped to the 
contractor's facilities and the heavy structural aodification (such as the 
Stage II forward skirt on Configuration Two and the CASTOR' IV-required Stage 1 
aodification) will be accomplished in the factory. The vehicle sill then be 
shipped to VAFB and the launch crew will coaplete all other modifications as 
done for Configuration One. This approach maximises the utilization of the 
fixed level of personnel required to provide a launch team. The existing 
launch teams have demonstrated the capability to change out virtually all of 
the hardware on a vehicle and to aake field aodifi cations, 

E. Pavloads 

In the study of Titan II as a space launch vehicle, four 
payload candidates were considered: DHSP, KOAA, STP and GPS, See Figure Al- 
ii, *Titan II Space Launch Candidates", for the requirements of each of these 
four candidates and the capability of the Titan II for each mission. Assuming 
all launches from VAFB, Titan II Configuration One has adequate capability 
with ainiaal modifications for both DMSF, NOAA and STP, This eonfiguation la 
inadequate for the requirements of GPS. To obtain sufficient performance to 
boost GPS to its 10,896 nautical mile circular orbit, Titan II requires the 
addition of four CASTOR IV motors and a third Btage. GPS and DMSP are 
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currently launched on Atlas E froa Vandenberg, although GPS is scheduled for 
Shuttle launches froa Kennedy Space Center in 1966. The impact on both the 
DOD and all users of deleting these flights from the Shuttle traffic model 
Hill be discussed in the Cost Section. 

1. Configuration One was structured arouad the DHSP/NOAA series 
and flown i» the ease Banner as these payloads fly on ELVs today. The payload 
weight to orbit compares to the current known requirement of 228U pounds. 

2, Configuration Two was structured around the GPS/Block III 
payload which is intended to fly on STS. This prograi has a weight requirement 
on final orbit of 2285 pounds. This analysis established a capability of 
cky1, which provides 212 pounds of margin. This number is very conservative 
since class aargins, bo Stage I thrust uprete, and standard IPSH configuration 
were used, 

F. Launcb Basq 

All costs, crew sizings, schedules and analyses performed were 
based upon utilizing the same procedural documentation, quality assurance and 
receipt* tp-laupch testing as is currently employed for the Titan ill. A 
contractor launch crew is assumed to support a launch rate of six per year. 

1. Launch Site Impact ' 

The launch site selected for the Titan II £LV is the VAFS 
facility, Space Launch Complex-i West {SLOW}. This was selected because of 
the similarity between the "Han IIIS family of vehicles Currently launched 
there and the Titan II ELV. The facility modification for Configurations One 
and Two are, in essence, the same, each being driven by the addition of s 
pedestal to raise the shorter Titan II so that the payload fairing and payload 
will be enclosed by the environmental shelter (figure Al-5). 

The vehicle checkout and launch control AGE requirements of 
Titan II involve very minor modifications to existing consoles and racks. The 
Titan III Programmable Aerospace Checkout Equipment (FACE) will continue to be 
the checkout system for the Titan II ELV. Sew PACE application sequences will 
be required. The most significant addition will be the installation of the 
guidance system checkout set (KGAC), This unit will be furnished from govern- 
ment surplus available from the deactivation of Titan II silos. Minimal 
modifications to the umbilical booms and vehicle-mounted umbilicals will be 
accomplished by a rotation of the vehicle by 15 degrees on the pad for 
Configuration One. This rotation is undesirable for Configuration Two due to 
the CASTOR IV's exhaust plumes. Henet^ip this configuration relocation of 
the umbilicals will be required. The incorporation of the CASTOR IVs will 
also require the addition of supplementary plume exhaust ducts to ensure that 
their flow is injected into the nain exhaust duct. The main exhaust duct is 
adequate. In addition to the Mobile SertiCe Tower (HST) SOdification defined 
for Configuration One, several more platforms will require modification to 
accommodate the CASTOR IV motors of Configuration Two. 



Facility Modifications -SLC-4W 




FACILITY MODI FICATIONS 

• MOO 3 (S PLATFORMS 

• MOO SMST PLATFORMS 
•BOOH PENETRATION IN MST 

• RELOCATE ROOM FACILITY MOUNTING PLATES 



• MODIFY ATTACH POINTS ON EXISTING REAR ASSEMBLY 

• SEW LAUNCH MOUNT RING 

• LAUNCH MOUNT ACCESS PLATFORM 

• RELOCATE WATER OEIUGE SPRAY 

• UMBILICAL MOOS hum rilsralonnd mads) 

• LANYARD RIGGING 

• PLF POSITIONING S ALIGNMENT EQUIPMENT 

• PLF PflOCESSINCFACIUTY 

• ERECTION FIXTURE 
•RELOCATE GOAL POST 

• LIFTING ADAPTERS 

• PORTABLE FLOOR CRANE 
•J- BOX RELOCATION 



The schedule for the two configurations is provided in 
Figure AI-6. The schedule was developed on the basis of the selected user need 
dates. In the event that both configurations were authorised, an integrated 
schedule would be developed. 

The schedule associated with Configuration One and DHSP/NOAA 
usage, was developed considering that the current block of payloads end in the 
1988-89 tiiefraae with depletion of the existing fleet of Atlas £ vehicles; 
and the new block will coucaot launching in 1989. Ihia, coupled with the 
desire to preserve continuity of the existing launch crew at ?1FB, dictated a 
go-ahead in late CI 158$ so that work could cosience on the facilities 
codification prograc and launch procedures in a ssootb transition with the 
phasedovn of current Titan III ELY activity. 

5, Technical 2isk AssessfleBt 

Technically, the fact that all of the ^edifications, replace- 
ments and additions are using existing Titan III technology and hardware Bakes 
this progran extrenely low risk. Also, both SLAP and RASP test results Inply 
that a teij low fallout of Titan II hardware will occur in the refurbisnaent 
and re-acceptance prograc 

In view of the fact that for Configuration Two a new upper 
stage and incorporation of the CASTOR IT atrap-ons are to he developed, a 30- 
lonth schedule would seen to present some risk. This concern can be ftlninized 
by recognizing that the new stage incorporates a totally developed and tested 
fcOtor, and that the CASTOS IV motor is also off-the-shelf, requiring no oodi* 
fication. Previous experience incorporating strap-on solids on the Titan III 
also contributes to minimizing the concern. Further, recognizing that the 
upper stage consists basically of a solid rocket aotor and a propulsive spin 
systen adapted froa an GJristilag stage, also alleviates these concerns. 

The higher thrust afd heavier payload for Configuration Two 
will require analyses and testing. The structural design will need to he 
stiffened and/or strengthened in the areas of the tank bottom and CASTOR IV 
attachoents. Fornal overall structural testing will be required to ensure 
flight reliability of the lodified structure. 

Based on the reasons presented above, the technical risk is 
assessed as low. 
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The coD-recurriag development and the recurring Modifications 
end operation coata for the two configurations of Titan II reflect contractor 
cost estimates adjusted to account for prograi costs not included by 
contractors and for future unknowns. These cost estimates are based upon a 
first quarter FI86 go-ahead supporting a late-f J89 Initial Launch Capability 
(HC) for Configuration One and a «id-FXB8 go-ahead supporting an early FI91 
U.C for Configuration Two, 



Configuration One - DHSP/KOtA/STP Launch Model 



- Configuration Two - GPS Launch Model 

16 vehicle Titan II prograa 

31 3Z B M 
* 4 4 4 

- £11 launches fron VAFE 

- Coat of propellant asSused to be zero 

- Non-recurring cost includes: 

Design 

Manufacturing 

Launch site modifications sttd upgrade 

Skill retention (gap costs) 

Integration 

- fleourring costs include: 

Booster build 

Airframe kit 

VAFB assembly 

Technical support 
Guidance 

Englpe refurbishment 
Payload fairing 
Launch costs 
Range support 
Recurring iategratioo 

2. Cost Impacts 

To detentine the cost lnpact of launching Titan II space vehi- 
cles, as shown in Figures AI-?, AI-8 and AI-9, the following analysis was Bade 
assuming as a baseline case that NASA cat resell the deleted GPS missions st 
KSC (no deleted VAFB flights resold). Ic addition, Figures 11*10, AI-1 1 and 
AI-12 show the cost effects if NASA is unable to resell any flights. 



IMPACT TO DOD 

GPS RESOLD 
THEN YEAR M $ 
FY 86 87 88 89 90 91 92 93 94 TOTAL 

TITAN II COSTS 50,9 77.5 116.7 150.5 166.1 242,3 276.4 131.6 129,8 1341.8 

SHUTtLE FLT 

CHG SAVINGS* -277.2 -119.3 -449.2 -481,8 -515.2 -2141.9 

PAYLOAD DESIGN 

SAVINGS (DMSP) -4.5 -40.4 -23.8 -1|.3 -B0.0 

sts Impact 19,2 70.2 30.2 4B.6 49,? 53.4 269.5 

COST (DOD) ■' 

DOD TOTAL 4fii4 37i , 112> , _ G?8 _ 223|B -168.3-154.7 -330.2 129.8 -G10.6 

IMPACT 

NOTE: (-) INDICATES SAVINGS 

•ASSUMES FULL COST RECOVERY FOR SHUTTLE IN THE RATIO OF SHUTTLE FLT CHARGES 
PER PAYLOAD SHOWN BELOW 

DHSP-1 
GPS-. 33 
STP=.5 



IMPRCT TO U.S. GOVERNMENT 
GPS RESOLD 
THEN YR M $ 
FT 8G 87 '88 89 90 9! 92 93 94 TOTAL 



STS IMPACT 

COST (NASA) 8.8 74.7 63,3 55.6 59.? G3.8 325.9 

NOAH SHUTTLE 

FLT CHG SRVINGS "64.? -69,3 -74,3 -79.5 -85.2 -91.2 -464.2 

PRYLORD DESIGN 
£ SAVINGS (NOflH) -2.8 "25.3 -14.9 -7.0 -50.0 

S DOD TOTAL 

IMPRCT* 46,4 37.1 112.1-67,8 -223.0 -168,3 -154,7 -330,2 129,8-610.8 

GOVT TOTAL 

IMPACT 43.G 11.9 41.3-G9.4 -234.0 -1B4.2 -180.2 -357.6 129.8-738.9 



NOTE! (-) INDICATES SAVINGS 

ASSUMES FULL COST RECOVERY FOR SHUTTLE IN THE RATIO OF SHUTTLE CHARGES 
PER PAYLOAD SHOWN BELOW 

DMSP=1 

GPS-,33 

STP=.5 



IMPACT TO ALL USERS 

GPS RESOLD 

THEN YEAR M $ 

FY 8E 87 88 89 30 91 92 93 94 TOTRL 

govt total 

ihprct 43.g 11,8 41,3 -63,4 -234,0 -164.2 -18b.2 -357.6 129,6 -798.9 

sts ihrrct 

(comm i foreign) 9,6 54.9 34.0 3g.4 39.0 41.7 215.6 



NOTE: (-) INDICATES SAVINGS 

*H55UMES FULL COST RECOVERY FOR SHUTTLE IN THE RRTIO OF SHUTTLE FLT CHHRGES 
PER PRYLOflD SHOHN BELOW 

DHSP= 1 
GPS=.33 

STP=.5 
NORIK5 



IMPRCT TO DOD 
THEN YERR M $ 

FY 8G 8? 88 89 90 91 92 93 94 TOTAL 

TURN II COSTS 50,9 77.5 115,7 150.5 1SB.1 242.3 276.4 131.6 129,8 1341,8 

SHUTTLE FIT 

CHG SWINGS* -277.2 -419.3 -449.2 -491. -515.2 -2141.9 

PRYLOBD DESIGN 

SWINGS tDMSP) -4,5 -40,4 -23.8 -11/3 -80.0 

STS IHPflCT 13.2 70.2 59.4 32.B 99.4 10G.5 447.5 

COST (DOD) 

DfiQ TOTfiL 46.4 37.1 112.1 -G7.B -193.8 -114.1-105.2 -277.1 129.8 -432.S 

IMPRCT 

NOTE: (-) INDICATES SRVINGS 

ASSUMES FULL COST RECOVERY FOR SHUTTLE IN THE RATIO OF SHUTTLE FLT CHARGES 
PER PRYLOHD SHOWN BEL OH 

DMSP=1 
GPS=,33 

STP°.5 
N0fffK5 



IMPRCT TO U.S. GOVERNMENT 
THEN YR M $ 
FY 8G 87 88 8S 90 91 92 93 94 TOTAL 



STS IMPRCT 

COST (NflSfl) 8.8 7I.B 164.0 138.6 148.1 158.9 690.3 

NOflfl SHUTTLE 

FLT CHG SAVINGS -W -B3-3 -74.3 -79.5 -85.2 -91.2 -464,2 

PBYLOHD DESIGN 

SflVINGS (NORR) "^ "25.3 -14,9 ~?,0 -50.0 

DOD TOTRL '' 

IMPRCT* 46.4 37.1 112.1-67.8 -183.8 -114.1-105.2-277.1 129.8-432.6 

GOVT TOTAL 

IMPACT 43.6 II.B 41.3 -72.5 -104.1 -55.0 -42.0 -209.4 129,9-256.5 



NOTE: H INDICATES SWINGS 

ASSUMES FULL COST RECOVERY FOR SHUTTLE IN THE RRTIO OF SHUTTLE CHARGES 
PER PflYLORO SHOW BELOW 

DMSP=I 

GPS=.33 

STP=.5 

N0flR=,5 



IMPACT TO RLL USERS 

THEN YERR M $ 
FY 86 8? 88 89 90 91 92 93 94 TOTRL 

GOVT TOTRL 

IMPRCT 43.6 11.8 41.3 -?2.5 -104,1 -55.0 -42.0-209,4 129.8 -256.5 

STS IMPACT 

(COMM J, FOREIGN) 3.6 54.9 89,2 95.4 102.2 109.5 4G0.8 



NOTE: <-) INDICRTES SAVINGS 

ASSUMES FULL COST RECOVERY FOR SHUTTLE IN THE RHTIO OF SHUTTLE FLT CHARGES 
PER PRYLORD SHOWN BELOW 

DMSP=1 
GPS03 
STP*.5 
N0RR=.5 



>. Titan II Costs 

The Titan II isplenentatlon costs (Figure 41-13} reflect & 31 
vehicle program with the first launch in 1969 and the last launch in 1994. 
The launch progran can, however, be extended beyond 1994. although Figure 
11-13 reflects HOAA sharing the non-recurring developsent costs, in our SOD 
i&pect analysis no HOAA sharing was assuaed. 

b. shuttle mat Clam 

The Shuttle-equivalent flights saved by the Titan II flights 
flown are: 

»1 _J0_. 91 92 03 on 



The impact to the BOD and all other users are calculated using a flight charge 
of J133 ulllion FI83 dollars for EEC flights and *97 aillion FT83 dollars 
for VAFB flights. 

The savings froa these launches are realised in the year prior 
to launch consistent with Shuttle flight charge payment. The Shuttle cost 
estimate was derived from the latest SASA-available data, POP 63-2. Shuttle 
cost per flight history, as shown in the HASA 12 year average predictions 
below, reflects a steady growth. 



Data Source i Pate Total Flights 

Data Base, Jun 76 572 

OHB Study, Sep 80 487 

POP 81-2, Feb 82 362 
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NASA currently forecasts $112 Billion as the average coat per flight for the 
H89-93 titie period. However, baaed upon the roughly 20J growth in their 12 
year average flight charges from the Feb 82 to Aug 83 forecast, we have placed 
a 20? factor on the $112 Billion charge yielding a flight charge of $133 
Million in FY63 dollars. 

e. Pg yUPBti A ssign , Saving s 

These savings result from deleting the ceed tc design dual 
ELV/Shuttle compatible spacecraft as presently planned. DHSP and NOAA could 
continue to procure the sane basic spacecraft aa now flies on Atlas-E. 
Savings reflect amounts in currently approved budgets. 



The ET5 operations costs are composed of both fixed and 
variable coats. Vhen the STS flight model is reduced, the cost per flight of 
the remaining model must increase to offset the pro rata portion of the fixed 
costs apportioned to the deleted flights. In order to properly assess the 
impact of Shuttle flight rates, Shuttle flight rate dependent algorit'fltts were 
derived. The algorithms were divided ieto three separate elements: 

1} Keimbursiblea (primarily consumables) 

2} Flight Operations {primarily JSC operations) 

3) Launch Operations {primarily KSC operations) 



Costs in Millions of FT81 Dollars 



RelmburfiibU Costs 1.33 2-?8 1.36 6.11 

Flight Operations (JSC) 1,05 2,19 3-W Ml 

Launch Operations (ESC) 1.71 3.61 5.7^ 8.13 

The cost impact for the remaining ESC flights is then the summation of Reim- 
bursible and Flight Operations coat impacts (based on total Shuttle flight 
deletions), plus the use launch operations impact based on ESC flight dele- 
tions, if any. The cost impact for the remaining y*FB flights is only the 
summation of Eeimbursible and Flight Operations Impacts, The VAFB launch 
costs are assumed to he held constant. 



On the basis of tie Shuttle flight deletions, as described 
above in paragraph I.2.b, the following cost impacts to each remaining Shuttle 
flight were derived: 



VAFB Impact 
ESC Impact 



FI83 t In Hillions 



The Shuttle cost iipact on the DOD, NASA and commercial flights 
is then the remaining number of Shuttle flights (see following traffic model) 
times the appropriate launch site cost impacts. As it is highly likely that 
deleted GPS Shuttle flights will be resold, since they are PAM-DII missions, 
the baseline case used in this study assumed GPS Shuttle flights at XSC are 
resold but deleted MFB Shuttle flights (e.g. DMSP1 are hot. 



Traffic Model 
80, _2» . 



_SL_ _iL_ _ii_ _SJ_ MM, 



3-2/3 5-V3 3-2/3 3-2/3 3-2/3 



M/3 10-2/3 8-1/3 8-1/3 8-1/3 



'« Note: Unlit the official MSA traffic model does not show NOAA 
Shuttle flights, transition of NOAA would be required after their last Atlas-£ 
flight. 



(hut rtftlf AflSflSSttent 



This assessment has examined the cost for both completeness and 
reasonableness end addressed both Shuttle end ELV cost considerations. 



The Titan IX cost risk assessment addresses the risk for total 
program growth. 

The modifications proposed for Titan II are similar to efforts 
completed in the past in both the Titan III program and the Atlas overhaul 
program. This similarity provides confidence in both the technical and cost 
risk assessments. The contractor's estimate for non-recurring and recurring 
cost was reviewed and adjusted to include elements of cost known to have been 
omitted and to protect against unknowns. Based upon the above, costs are 
believed to be complete and reasonable. 

2. Shuttle-ImP3.c t 

The scenarios relating to the impact to SOB and the impact to 
the Nation are greatly affected by the Shuttle cost per flight assumed in the 
1990-19911 time period. For purposes of this study, a flight charge of $133 
Billion in FJ83 dollars was used fur KSC flights as discussed in paragraph 

3. finmfiin 

The risk in implementing the Titan II program appears low con-* 
sidering both technical feasibility and cost. 



APPENDIX 

II ATLAS ASt DELTA LAM VESICLES 

A. AUM 

The candidate Atlas vehicles are the Atlas B and Atlaa L 

1, For the DHSP iisalon, the curat Atlas B, easily satisfies the 
perforsance requlreBent. 

2. To leet OPS perforiance requirements, an Atlas X vitb sobs 
additional tank stretch is required. The Atlas I is the Atlas I with Atlas I 
avionics and a tank stretch of 163 inches. Figure AII-1 depicts the Atlas H 
and Atlas J vehicles, and Figure AXI-2 presents the.perforaanee capability of 
each. 

B. IsUa 



2. The OPS nisslon requires a growth Delta, the »«20A/PAB, a pro- 
posed ne« vehicle, has nine CASTOR IVA lotors, I 12 foot tank stretch, and > 
large payload fairing. The perforsance capability for the Delta vehicles is 
shown in Figure AI1-4. 



C. Technical K ink AMMmait 



A coat coiparlson of the Titan II, the Atlas and the Delta 
vehicles Is shove In Figures AII-5 and All-6 for the DMSP and OPS missions, 
respectively. The cost data indicates that the Titan II apace launch vehicle 
is the cost economically attractive ELY for the total payload requireaents. 
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Delta Launch Vehicles 
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Integration costs are included in the Launch Services 
DOLLARS IN MILLIONS 

FIGURE AII-5 



Titan II Space Launch Vehicle 

COST PER FLIGHT COMPARISON 
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Integration costs are included in the Launch Services 
DOLLARS IN MILLIONS 



Saall Payload Missions 



A. ftejeiaJJBafiJtgrottad, and frerlcu: .studies 

Several studies relating to reconstitution of critical apace 
assets bare been performed since the ilcl-1j)?0a. They were initiated by a 
continuing interest in developing alternative approaches to ^constitution of 
space functions. 

A series of critical aissions were identified, and tee HX and 
other existing or in-developient ulssiie and space launch systens, were 
considered ts potential booster candidates* 

The results froa these activities indicated a limited, but use- 
ful capability was available in the HI to support some of the identified 
missions. The technical feasibility of utilizing the MX as a aurvivable space 
launcher has been explored in soae depth with the latest investigation 
reported in classified documentation released in November 1963* 
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I IHTRODUCTION 

DOD has become increasingly reliant upon space systems tc 
provide for national security. Due to this fact, current Defense Space Policy 
states that: "while affirming its commitment to the STS, DOP will ensure the 
availability of an adequate launch capability to provide flexible and 
operationally responsive access to space, as needed for all levels of 
conflict, tq meet the requirements of national security missions". 

The potential growth of DOP payloads to weights beyond the 
capability of the current Shuttle, has thus generated DOD interest in Shuttle 
derived Unmanned Launch Vehicles (OlYs), These vehicles could achieve payload 
capabilities of two to three times the capability of the Shuttle. During the 
past ten years, heavy lift launch vehicles, including Shuttle derived 
versions, have been examined by NASA for a number of applications. However, 
it is only recently that a DOD seed for such a vehicle has been envisioned and 
only very limited DOD resources have been expended on studying heavy lift 
launch systems. Although .firs requirements for the DLV have not been yet 
established, projected DOB programs may require payload capabilities in the 
range of 130,000 to 200,000 pounds, with payload dimensions of approximately 
25 feet diameter by 90 feet long. In order to maintain secure operations, it 
is also desirable to launch as many payloads as possible froE Vandenberg APE 
(VAPB). It is likewise desirable to minimise the costs associated with the 
launch of D0O payloads by adopting ground and flight operational procedures 
more akin to those utilized by Expendable Launch Vehicles. 

The BLV is not intended to eliminate the need for the current 
Space Transportation System (STS). It will, however, provide £ complementary 
vehicle to the STS. To the maximum extent practical, it will also be 
compatible with STS facilities and operations at both KSC and VAFB. 

The SLV program will be a POD controlled and managed 
development program which will support autonomous, secure DOD space operations 
in the mid-1990s. As appropriate and required, it is envisioned that NASA 
Shuttle resources and expertise will be used in areas which will benefit the 
effort. Depending on need, a growth version could later be developed to 
support more ambitious space operations early in the next century. The 
potential for such growth should be designed into the baseline system. 



II VEHICLE DESCRIPTION 

The ULV U defined as a vehicle which makes Baxinun cost-effec- 
tive use of existing Space Shuttle technology and components and will have the 
capability to launch peyloads which are much heavier than the current Shuttle. 
The major Shuttle cenponents utilised by the ULV are: the Space Shuttle Main 
Engines (SSHEa), the Solid Socket Boosters (SRBs), and the External Tank (£T), 
Hany of the performance improvements proposed for the Shuttle (for instance, 
uprating the SSHEa, filament wound Solid Socket Booster cases, or substituting 
Liquid Socket Boosters for the current SRBs) can be directly applied to the 
ulV. 

The DLV configurations have been separated into two generic 
concepts: Tn-Une versions in which the payload and the SSHEs are installed 
in-line with the External Tank; and the Side-Mount versions in which the 
payload and the SSHEs are installed in essentially the same geometric 
relationship to the External Tank as in the current Shuttle, 

Characteristics typical of the Unmanned Launch Vehicle 
configurations are as follows: 

A JMIHE (Figure H-1) 

Two SSHEs operating at a tooj power level. 

Two standard (steel ease) Solid Rocket Boosters 

A shortened External Tank (EI). 

A payload module mounted on top of the ET 
capable of carrying a 90 feet by 25 feet pay- 



B SIEEJIffll (Figure II-2) 

Three SSHEs operating at a 100$ power level. 
Two standard (steel case) Solid Rocket Boosters. 
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A standard Shuttle External lank (ET). 

A payload nodule, mounted In place of the 
Shuttle orbiter, capable of carrying a 90 foot x 
25 foot payload. 

Both configurations utilize a recoverable propulsion/avionics 
module for the recovery of the high value hardware, such aa the engines and 
avionics. Recovery of this hardware is believed to be cost-effective regard- 
less of the vehicle configuration. Both ballistic reentry and lifting-body 
technologies are being considered for de-orbit, re-entry, and recovery of the 
propulsion/ avionics module. Conceptual sketches of both propulsion/ avionics 
module configurations are shovn in Figures IX-3 and ll-K 

The preferred landing location for the propulsion/avionics 
module is on land, possibly at White Sands Missile Range or Edwards Air Force 
Base. Water landing has also been considered and detailed trade studies will 
be performed prior to the selection of a recovery concept. 
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The predicted typical perl 
configurations shown in Figures II-1 and I 



Low Earth Orbit (LEO) 



Geosynchronous Orbit ( 



The predicted typical performance in pounds for the vehicle 
configurations shown in Figures II-1 and II-2 is approxiaately: 
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IV FACILITIES IXD C-FOUND PHOCESSIHG 

To tbe maximum extent feasible, existing Space Shut-tie facili- 
ties at both Kennedy Space Center (KSC) and Vandenberg A?B (VAfB) would be 
used to process and launch tbe Unmanned launch Vesicle, With either vehicle 
configuration, the Solid Rocket Boosters and External Tank operations would be 
similar to those procedures used for processing tbe Space Shuttle, Major 
facility modifications for processing these elements are not anticipated) 
however some modifications to the launch pads will be required at both launch 
sites. The exact nature of these modifications is vehicle configuration 
dependent and trade studies are needed to evaluate impacts of various vehicle 
designs on facility modification costs. 

Sew facilities for assembling and integrating payloads, upper 
stages, and propulsion/ avionics aodules are needed at both ESC and VAFB, 
Cargo (or payload) dimensions will be much greater than those accommodated in 
the STS progran, thus existing payload facilities will be inadequate. The new 
payload racility must have checkout and integration cells capable of servicing 
payloads on the order of 25 feet in diameter by 90 feet long. 



A development schedule for a DLV is shown in Figure V-1. The 
schedule outlines a success oriented program which leads to a first flight in 
late PI93. This Initial Launch Capability (ILC) is based on a conceptual 
design effort starting in FI84, with concept selection by FY87, Preliminary 
design would begin in FT88, leading to full scale development by FI89. This 
schedule was developed utilizing contractor data taken from NASA Shuttle 
derived vehicle studies, 

B. UL7 Contractual ActivUi.es 

Funded cost refinement studies are currently on-going and will 
provide information to BOD on a wide range of system costs, including costs of 
design, development, test, facility modifications, and operations. Data from 
these studies will be U3ed to support the Air Force FI86 BES and FT87 POM. 
Following these cost refinement studies, concept exploration studies are 
planned. These will be competitive studies and will probably be awarded' to 
three or four contractors. These studies will focus on three major areas; 
OLV concept design, 0L7 impacts to existing launch facilities and ground 
operations, and more refined BLV cost estimates. 

Vbile these contractor concept exploration studies are in pro- 
gress, a parallel Air Force study will define DLV system requirements and 
criteria for evaluation of contractor outputs. These requirements and 
criteria will be used in the DLV concept definition trade studies and support 
the final BLV Concept selection. 
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and academiccontacts, the National SecurBy Archive has developed this varied collection of primary 
materials. Just as the type of materials included varies, so does the quality of each document. 

The National Security Archive has made every effort to provide Chadwyck-Healey Inc. with the best 
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cables, memoranda, intelligence reports, briefing papers, Congressional reports, official fetters, and 
pressreports. This varietycan pre 
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The complete OLV prograi cost has been preliminarily estimated 
at 42.8 billion. This includes 42.2 billion for design, development, test and 
evaluation (DDTSE), 4450 million for production, and 4150 million for 
modifications and additions to facilities at VAFB. These costs are spread 
over a nine rear development and production prograi with the greatest peak 
year funding of 4500 million in 1991 (Figure V-2). 

Estimates for both tee non-recurring and recurring costs of the 
BLV concepts were derived from the application of cost-estimating 
relationships based on cost histories of previous launch vehicles, including 
the Shuttle, In addition to these relationships, the actual cost of Shuttle 
systee components was used as a basis for cost estimating whenever such 
components were included in a design. 

All ULV cost estimates presented here are preliminary is nature 
and based on a side-mounted OLV reference configuration. The in-line con- 
figuration non-recurring costs (DDTSE, production, and facilities) are 
expected to be similar and roughly equal to the side-mounted configuration 
costs. The costs of BDT1E for the in-line and side-mount configurations are 
similar. Production of propulsion/avionics modules for the in-line 
configuration should be slightly cheaper due primarily to the tvo-SSHE 
designs. Facility costs for the in-line configuration could be greater due 
to the need for greater aodif. cations to the Shuttle launch pads. Some of 
these pad modifications could be avoided by operations scenarios such as air- 
starting the SSHEs* The concept cost refinement studies currently being 
conducted by the Air Force will provide a greater depth of detail and fidelity 
to cost estimates for both ULV reference configurations. 

The DDT&E cost estimate of 42.2 billion FY83 dollars is 
primarily for tee development of the propulsion/avionics and payload modules, 
with a lesser amount (about 410 million} for installing fixed de-orbit rockets 
on the External Tank. The propulsion/avionics module is considered to be the 
major development element, and is estimated to cost $1-9 billion FY83 dollars. 
The payload module development is estimated at 4220 million. The DDTSE cost 
estimates include ground support equipment (GSE), limited spares, test units, 
Government support, and the SSHEs and 'avionics software required for the 
propulsion/avionics module. The test units built for DDT&E include two 
propyl si on/ avionics and two payload modules which will be used for the first 
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two flights, a."ter which the propulsion/avionics nodules will be refurbished 
and used as operational nodules. 

ULV operations costs are scenario dependent and are effected by 
suoh variables as overall flight rate, launch site, and Shuttle versus DLV 
flight six. In general, however, it is predicted that under any scenario, the 
ULV operations cost per flight will be in the range of 10J to 15J less than 
that of the Space Shuttle, with a substantial reduction is the cost per pound 
of pay load. 



VI GROWTH POTENTIAL 

The ULV system is envisioned as b departure point for vehicles 
with heavier lift capability if the need develops, Potential ULV performance 
growth paths are illustrated in Figure VI- 1. Several potential growth paths 
exist : 1) develop a liquid rocket booster (LRB) to replace the baseline SRBs, 
2) to increase the dimensions of the ET and nuaber of SSHEs, and 3) increase 
the nuaber of SHE segments. Any of these approaches would necessitate 
extensive launch facility modifications. It is evident that there are points 
is the DLY payload capacity growth paths where revolutionary, rather than 
evolutionary, changes are needed to increase performance. Approxiaately 
200,000 pounds to low earth orbit for instance, appears to be a plateau. 
System cost-effectiveness studies are needed to identify the proper solutions 
to greater weight- to-or bit requirements, 



170,0001b 



160,0001b 



190,0001b 




« {ENGINES 

150,000 lb 145,00011) 

FtGllKli Vl-1 




250,00011 



10 February 1984 

VII SUMMARY 

To satisfy the potential requirement to place large POi). pay- 
loads into orbit in the mid-1990s and beyond, a much larger class of vehicle 
than the Space Shuttle is required. In order to satisfy these projected 
needs, the lowest risk and most cost effective approach appears to be that of 
developing a vehicle derived fro* Space Shuttle components. Such a vehicle 
would bs capable of placing up to 200,000 pounds into low earth orbit. 

History shows that BOD payload requirements typically push the 
performance limits of all available launch systems. Vita SOS requireneots 
being the driving force for large space launch vehicles, logic dictates that 
DOS should develop, acquire, and operate these launch vehicles. 

In support of the Secretary of Defense's policy regarding 
assured access to space, the Air Force must continue its studies defining 
large launch vehicle concepts for the oid 1990's and plan for their acquisi- 
tion. 



k. parifgrnniHt 

The potential Med for heavier DOD payloads beyond the capa- 
bility of the current Shuttle has aroused DOD interest in Shuttle-derived 
Onianned Launch Vehicles (OLTs) with payload capabilities of two to three 
tiies the capability of the Shuttle. During the past ten years heavy lift 
launch Tehieles, including Shuttle-deriTed versions, have been, axaained in a 
aeries of studies by MSi for * nuiber of applications. However, it is only 
raceatly that a DOD need for such a vehicle has been envisioned and only very 
Uiited DOD resources have been expended on studying heavy lift launch sys- 
tems. So« Shuttle iaprovaients are possible. However, it is not cost* 
effectite to increase the Shuttle orbiter payload bay dimensions froi the 
present 15 feet diaaeter by 60 feet, or to increase the noainal payload 
capability of 65j000 pounds to low earth orbit (LEO) fros SSC by sore than 
about 10,000 to 15,000 pounds. The projected DOD transportation need* 
postulated for the aid- to late-1990s will considerably exceed the capability 
of the Shuttle or any feasible uprated or iaproved Shuttle. £ secondary 
reason to consider a Shuttle-derived 6X7 is that it could provide single-site 
launch capability (out of VlfB) for all presently approved and envisioned BOD 
payloads. In suaaary, the lajor reasons for developing a DOD Shuttle-derived 
ulV are as follows: 

1* Sse of current flight-proven Shuttle components ainiaiies 
derelopaent rislt, 

2. the payload capability of the Shuttle can be sort than doubled 
with a graceful, flexible, and low risk growth path to three or four tiaes 
current shuttle payload capability. 

3. The present payload volane can be greatly increased. 

H. Inproved asortization of Shuttle hardware, processing facili- 
ties, and launch crews is provided." 

5, The Shuttle component production base is maintained. 

Heavy-lift launch capability based on Shuttle cooponents has 
been under examination for the last ten years. Beavy-lift launch vehicles 
using Shuttle-based technology were also studied as part of the various HAS!/- 
DOE Solar Power Satellite (SPS) studies conducted in the period 1976 through 
1981. 



The 01V Is defined as a vehicle which iakes naxiaua eost-effeq- 
tive use of existing Space Shuttle technology and components, thus, providing 
for 0LT options which have the capability to launch payloads such heavier than 
the current Shuttle. The aajor Shuttle eoaponents that are utilized are: the 
nain engines (SSHEs), the solid rocket boosters (SHBs), and the external tank 
[ED. 1 0L7 which utilizes tvo SSHEs will deliver nearly three tiaes the 
current Shuttle paylcad. Many of the iaproveaents proposed for the Shuttle 
(for instance, uprating the SSMEs or substituting liquid rocket boosters 
CLHBs) for the current SHBs) can be directly applied to the BtV. 

For study convenience the BLV configurations have been sepa- 
rated into tvo generic concepts; versions in which the payload and the SSHEs 
are installed in-line with the ETj and slde-aount versions in which the pay- 
load and the SSMEs are installed in essentially the sane geonetrical relation- 
ship to the ET as the current Shuttle. 

D. goals/Guidelines 

The DLV prograa is 'conceived as a DOD-oontrolled and aanaged 
development prograa which will support iutonoaous, secure DOD space operations 
iu the aid-19909. Depending en need, a growth version say later be developed 
to support aore aabitious space operations early in the next century, and 
growth potential should be designed into the baseline systea. 

"he OLV will act eliainate the need for the current Space 
Transportation Systet (STS), but will provide a compleaentary addition to it 
since It could he fully compatible with current and growth Shuttle payload 
interfaces. It will be eoapatihle with STS facilities and operations at both 
ESC and VAFB, although, sone launch facility salifications Bay be needed. The 
UL7 is expected to flake extensive use of VAFB STS facilities. 



a. J&arai 

Projected DOD programs indicate the potential for payloada 
weighing in the range of 150,000 to 200,000 pounds and dimensions of 25 feet 
diaaeter % 90 feet long, or possibly sore. In order to enhance secure 
operations for DOD aissions, it is desirable to launch as isny POD payloada as 
possible froa YAITS. In order to ainiiize the wiplcxity associated with the 
launch of DOD payloads, it is enrisioned that ground and flight operational 
procedures siiilar to those utilized by Expendable Launch Vehicles will be 
employed. 



A set of preliainary reference payload requirements is deline- 
ated in the Classified Annex. Soie large payloads could be assenbled on orbit 
and; therefore, there is a need to examine the design of advanced payloads in 
consonance with the launch vehicles that May deploy then. 

C. Operational 

The lajor operational coals include the following: 

1. Secure, independent DOD apace operations froi YAFB. 



i. fiirlcni Interface 

1 payload Interface ooipatible with enrroat sad growth Shuttle 
fissions. 

b. Shuttle Comments 

The following Shuttle coiponents are Included: 

mo standard SSHEs, Installed ln-Une Kith the ejternal 
tank, operating at 1001 to 1WJ power level, and capable 
of being restarted and utilized for direct orbit inser- 
tion. 

Two standard (steel case} SSBs. 

a lodified ET, sized to optimize perforiance. 

c. Cargo Voluae 

. A payload installation with the capacity to carry a 25 feet 
diaieter i 90 feet long cargo. 

d. Propulsion/Avionics Module 

The recovery of the SSHEs, avionics and other high cost iteis 
in a recoverable propulsion/avionics (P/A) nodule using land recovery. Figure 
III-2 shows one proposed configuration for the in-line P/A nodule. 

e. Haas Prp pert t lM 

The estuated gross liftoff weight is 3.9 lillion pounds. 
2. Slde-Mou . nl; 



A payload interface coapatlble with current and projected i 
J sissions planned for Shuttle flights. 



Reference In-Line ULV Configuration 
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In-line Propulsion/Avionics Module Configuration 
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Reference Side-Mount ULV Configuration 
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the following Shuttle components we included; 

Three standard SSMEs, side-aounted to the ET in 8 
geometric relationship siaUar to the current Shuttle, 
operating at 100* to 1Q»J power lerel, capable of being 
restarted and utilized for direct orbit insertion. 

Two standard (steel ease) SBBs. 

4 standard ET. 



d. flBPidai^YfaflaJtoMt 

The recover; of the SSHEs, avionics and other high cost items 
in a reeorerable propulsion/avionics (P/a) aodsle using land recovery. Figure 
IITM shows one proposed configuration for tee side-iount P/l lodale. 

** Hi to , j fr ft p t f U f n 

The estiiated gross liftoff weight is '.3 ■illion pounds. 



The vehicle is launched froa an essentially unchanged SIS 
launch pad since all standard exhaust ducts are utilized and the 81? gross 
lift-off weight is less than that of the Space Shuttle. 

2. l? i S_. S . fi p. i rffUQ B 

The SHBs are separated and recovered as in the STS launch 



Side -Mount Propulsion /Avionics 
Module Configuration 




Vehicle Mission Profile 
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The SSMEs are shut down in a Millar way to the Shuttle proee- 
dure and the vehicle coasts to apogee. 

5. Ma lll M«„isag) Restart a£d, Igjcctiaa 



i deployed froa the payload aodule in a Banner 

7. Tank: QrletitatioD,_Yehlele. Se paratioR and Reentry 

The Propulsion/Avionics (P/A) aodule orients the vehicle (con- 
sisting of the eapty ET, the P/A aodule, and the reaaining structural half of 
the P/L aodule} in preparation for separation and reentry. The P/A aodule 
separates froa the rest, leaving the ST and the P/L aodule in the correct 
position and attitude for firing sain retro rocket*. The ET together with 
the attached F/L aodule then reenters for destruction in a safe area; the P/A 
aodule stays in orbit until a suitable tlae for its controlled reentry* 

8. Propulsion/AvlonlM Hodula Beaocrit 
uses aerodynaaic lift to 

9. froDttlaioj/Av lflnlM Hadul* Landing 

A drag chute is deployed to slow the descent velocity prior to 
main parachute deployaent and. final descent to the landing area, the P/A 
aodule lands horizontally on skids or wheels at one of a nuaber of possible 
land recovery sites. 

C .Pftr.f.TfMfl'^ 

1. IfcLifie, 

An in-line ULV will deploy 1*5,000 pounds to low earth orbit 
frba KSC or 110,000 pounds froa TAPB; or, using a Centaur G' upper stage, 
30,000 pounds to geosynchronous orbit (CEO) froa KSC and 15,000 pounds froa 
TAFB. The perforaance froa KSC is displayed parasetrically in Figure AUI-6. 
This figure shows the low earth orbit perforaance froa KSC as a function of 
orbital altitude and inclination. Figure AIII-7 shows conparable perforaance 
for flights froa VAFg, 
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2. Side-Mount 

1 aide-BOunt DLV will deploy 160,000 pounds to low earth orbit 
free SSC or 125,000 pounds froa VAFB; or,-using a Cectaur C upper stage, 
32,000 pounds to GEO froa ESC and 17,000 pounds froa VAFB. The performance 
froB ESC Is displayed par.aaetrioally in Figure AIII-8. Figure 1III-9 shows 
alailar data for launch froa 'VAFB. 

The XSC ground operations flow for a typical ULV is illustrated 
in Figure AIII-10. The payload aodule is transported to ESC by barge froa tbe 
aanufacturer and aoved into a new cargo nodule integration facility (CHIP). 
Individual payloads and upper stages are also ao?ei! into the CHIP. Tbe 
payloads, upper stages and P/L aodule are integrated, checked out and sade 
ready for transport to the vehicle asseably building (TAB) as an encapsulated 
eleaent. The ET and SflBs are treated in an identical way to.STS processing. 
The P/A aodule and P/L aodule asseablies are erected and aated to the ET. 
Sy.itea integrated tests are perforaed on tbe vehicle and then it is aoved to 
the launch pad by tbe aoblle launch platfora. Tbe DLV is given pre-fligbt 
checks, loaded with propellents and launched. 

Tbe VAFB ground operations flow for a typical ULV is 
illustrated in Figure AIII-11. The Ml aodule is transported to VATB by barge 
froa the aanufacturer and aoved into tbe CHIP. Individual payloads and upper 
stages are also received at TATB and aoved into the CH2F. Tbe payloads, upper 
stages, and P/L aodule are integrated, checked out and aade ready fcr 
transport as an encapsulated eleaent. The FT and SBBs are treated in an 
identical way to STS processing. At the launch area tbe SHBs are asseabled 
and tbe ET is erected and aated using STS type procedures. The P/A aodule and 
?/L aodule asseablies are brought into tbe shuttle asseabiy building, erected, 
and aated to the ET. The CLV is given pre-fligbt checks, loaded with 
propellents and launched. Launch operations are controlled froa the Launch 
Control Center (LCC) siailar to the Shuttle. 

Hew facilities for assesbling and integrating payloads, upper 
stages, P/A aodules and P/L aodules are needed at both CSC and TfAFB because 
cargo dlaensions will be aucb greater than those accomodated in tbe STS 
prograa. The facility auat bave checkout and integration cells capable of 
servicing payloads greater than 25 feet in diaaeter and 90 feet long. Loca- 
tions for support equipaent iust be. provided. An airlock is required to 
provide for aoyeaent into and out of the facility. 

Hew facilities for P/A aodule and upper stage checkout are 
needed at both KSC and VAFB, These aay be an integral part of tbe CHIP or a 
CQflletely separate facility. 
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System Ground Operations Flow at KSC 
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System Ground Operations Flow at VAFB 







IV TECHNICAL ISSUES 

4 - fifiwraLHJffliMlm 

Existing system concepts are based on KASA funded studies that 
have eaphasized the use of STS hardware and facilities in establishing launch 
capabilities and systea feasibility. COS studies are needed to expand the 
data base to include systea utility in a ailitary operations environment and 
to per tit convergence on the aoat promising concepts for satisfying DOS 
requirements early Id the prograi. A nusber of critical issues aust be 
resolved before a full-scale BOB commitment to the system can be made. Some 
of the aajor issues are discussed below. 

B. In-line vs Sidfr.Houflt 

The in-line vehicle configurations, in general, provide higher 
performance and more scope to install the larger siae P/L modules than the 
side-mount configurations. The aide-mount configurations have greater Shuttle 
similarity, require less aodification to the Shuttle elements that are being 
utilized, appear to iapoae the least facility impacts, and nay result in the 
lowest acquisition costs. The choice between the in-line and side-mount 
design approach aust be Bade at a later date. 



The range of payload accommodation requirements, in terms of 
payload geometry, mass properties, interface requirements, environmental con- 
straints, and support and deployment needs must be determined before selection 
of the final vehicle configuration. 

D. Avionics 

The avionics and power subsystem of transportation vehicles has 
historically represented a major cost element and; therefore, the issue of 
avionics system design Aust be resolved early. 



7. TECBHXCAL ISSUES 



See Classified Aooei 



lb* present costs have been derived fro» in-house studies and 
HASA-funded contractor effort. However, a six sontb Concept Cost Befinement 
Study is currently underway to provide more accurate and refined cost analyses 
of two reference 81V concents. The overall development has been preliminarily 
estimated as involving a nine year, $2.8 billion (FT83 dollars) effort. 

B. £cj|£iul& 

The OLV development schedule is shown in Figure AVI-1. The 
schedule outlines a success oriented program which leads to a first flight and 
XLC in late FI93. This ILC is based on a conceptual design effort starting in 
FT81, with concept selection in FI87. Engineering design would begin in FT88, 
leading to full scale development by FT89. The schedule was developed based 
on contractor estimates sade for HASA Shuttle derived vehicle studies. 

Figure AYI-2 contains a breakout of the near tern Concept 
Exploration phase. The current cost refineient studies provide information on 
a wide range of systei costs, including costs of MUSE, facilities lodiflca- 
tions, and the recurring coats of DLV operations. The study contractors will 
-be the Kartin Marietta Corporation and the Boeing Aerospace Corporation. Data 
from the studies will be used to support the Air Force FT86 BgS and FT87 POM 
inputs. Following the Cost Refinement Study, a Concept Exploration Study is 
planned. This study will he done by competitive BFP and would probably 
include three or four contractors. The study would focus on three major 
areas; 0L7 concept design, OLV impacts to existing launch facilities and 
ground operations, and OLV cost estimates. 

While these contractor concept exploration studies are in pro- 
gress, a parallel HSAP and Aerospace Corporation study will define OLV system 
requirements and evaluation criteria. These requirements and criteria would 
be used in the 5LV concept definition trade studies and the final OLV concept 
selection (Figure AVI-3J. 

C Program Costa 

The complete OLV program cost has been estimated at J2.8 bil- 
lion. This includes 12.2 billion for design, development, test and evaluation 
[DDT4EJ, approximately 3)450 million for production, and approximately (150 
million for modifications and additions to facilities at VAFB. These costs in 
FT83 dollars are spread over a nine year de?elopnent and production prograa 
with greatest peak year funding of approximately $600 Million in 1991 (Figure 
A7I-4 and figure AVI-5). 
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Program Costs 

OF FY 83 DOLLARS 





FISCAL YEAR 
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TOTALS 

DDT & E 2171 M 

PRODUCTION 444 M 
FACILITIES 155 M 



II Includes 2 propulsion/avionics and 
payload modules 

2! One propulsion (avionics model only 
with spares 



TOTAL 2770 M 



ULV Program Costs 



TOTAL 
DDT&E 




VEHICLE 
DDT&E' $2. 171 

PRODUCTION" $ 444 
FACILITIES (VAFB) $ 155 



TOTAL 



*2, 770 



86 87 88 89 90 91 92 93 
INCLUDES 2 P/A MODULES 
INCLUDES IP/A MODULE + SPARES 

FIGURE AVI-5 



1. Coat Estimating Procedure 

Estimates for both non-recurring and recurring costs of BLV 
concepts vers derived from the application of cost-estimating relationships 
(CEfls), which in turn, were baaed on cost histories of previous launch vesi- 
cles, Including the Shuttle. Accordingly, all such estimates assume typical 
program with the typical kinds of problens encountered in such development 
and production projects. In addition to CEHs, the actual cost of Scuttle 
systen components was used as a basis for cost estimating whenever such com- 
ponents were included in a design (for example, the SSMEs and the SBB elec- 
tronic controls). These cost estimates also assume that where the same 
Shuttle hardware components are used, the same contractors and suppliers are 
also utilized. Finally, it is assumed that no orbital flight tests are 
required for the OLV program and that test data would be provided by the first 
few operational flights (possibly flown with low-value payloads). 

The actual steps in the cost estimating process are as follows, 
First, descriptive data including component quantities and unit weights are 
obtained for each major subsystem of a particular BLV concept. Next, a deter- 
mination is made concerning the commonality of the Shuttle Orbiter, ET, SS3 or 
other existing launch vehicle subsystems or components with the proposed 
design. For common items it is assumed that only follow-on costs would apply; 
that is, if 15 engine interface units (BID) have been built for the Orbiter 
prograta and several Bills per vehicle are required for the UL7 program, then 
the SL7 cost would be based on the unit cost of those items that follow the 
first 15 SHJa. finally, for all subsystems and components that are peculiar 
only to the EJL? the appropriate CESs are applied. 



All BLV coat estimates presented here are preliminary in nature 
and based on the side-mounted ULV reference configuration. The in-line con- 
figuration non-recurring costs (DDTSE, production, and facilities) are 
expected to be siiilar and roughly equal to the Side-mounted configuration 
costs. The cost of DDT4E for the in-line configuration should be similar to 
side-mount configuration costs because such items as a savings from a two S5ME 
design would be offset by costs of ET modification and SSME propellant feed- 
line changes. Production of P/A modules for the in-line should be slightly 
cheaper due primarily to the two SSME design. Facilities costs for the in- 
line could be greater due to the need to modify the Shuttle launch pads for 
use with an in-line vehicle. However, some of these modifications could be 
avoided by air-starting the SSMEs. The concept cost refinement studies cur- 
rently being conducted will provide a greater depth of detail and fidelity to 
cost estimates for both OLV reference configurations. 



2. fifiM-CfiaU 

The DBTJE cost of $2.2 billion is required for developing the 
P/A and P/L modules, with a small amount (about 110 million) for installing 
fixed de-orbit rockets on the ET (Figure AVI-6). The P/A aodule ia the major 
development eleaent, and Is estimated to cost $1.9 billion (figure AVX-7). 
the P/L aodule developaent is estimated et $220 million. The DDTaE cost 
estiaates include ground support equipment (GSB), Halted spares, test units, 
governaent support, and the SSMEa and aTionica software required for the P/A 
aodule. The test units built for SDKS include two P/A and P/L aodules which 
will be used for the first two flights, after which the P/A modules will be 
refurbished and used as operational aodules. 

3. Production quit Costs 

The 0L7 total program cost Includes approximately JifSO Billion 
for the production of an additional operational P/A aodule (to provide a 
viable working fleet of three P/A aodules). Preliminary cost estlaates for 
this unit are broken out by aajor subsystem in Figure Avi-8. Production cost 
estimates do not include the cost of producing P/L nodules, or the cost of 
aodifying ETs for use with the HIT. These costs are included in OLV opera- 
tions costs. 

Q. Facilities Costs 

The OLT is designed to involve ainiaum modifications to STS 
launch facilities; however, differences between the 0LY and the Space Shuttle, 
along with the larger cargoes of the BLV, require that some aodifi cations be 
nade. The reference side-iount vehicle configuration was used as the basis 
for determining modification coats. An in-line DLV configuration could result 
in significantly more costly modifications (possibly even up to $600 aillion} 
if it exceeded the launch pad capability at VAJB. 

At VAFB the cost of the ULV facilities modifications would be 
approximately $150 aillion. Principal modifications would be the addition of 
a new CHIF to integrate the longer payloads, and an upper stage (Centaur) 
checkout facility. Other ainor codifications would include new umbillcals, 
Launch Processing Systems software and access platforms. 

Facilities Bonifications at KSC would be less extensive, 
requiring primarily a new CHIF with an attached P/A aodule refurbishment 
facility. As at VAFB, some minor aodifi cations to uabilicals, software, and 
access platforas would b« necessary. These would cost approximately $115 
million. Only VAFB facility modification estiaates are included in the total 
program cost, as the most probable DSAF use of the 517 would be at VAFB, 



Component Development Cost 

MILLIONS OF FY 83 DOLLARS 





PIA 


PAYLOAD 


ET 








MODULE 


MODULE 


MOD 


OTHER 


TOTAL 


OOT&E 


574 


125 


10 


32 


709 


GROUND SUPPORT 


43 


4 


. 




47 


EQUIPMENT 












ENGINES Unci test 


2S5 


. 






285 


units) 












TEST UNITS 


639 


60 




. 


699 


(less engines) 












SPARES 


19 


2 




• 


21 


SOFTWARE 


100 


- 






100 


GOVERNMENT SUPPORT 


249 


29 




- 


278 




1909 


220 


10 


32 


2171 



P/A Module Development Cost Estimate Detail 

MILLIONS OF FY 83 DOLLARS 
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P/A Module Production Unit Cost Estimates 

MILLIONS OF FY 83 DOLLARS 

PROPULSION 276 

ENGINES (3) 103 

AVIONICS 65 



Propulsion and avionics cost estimate based on 1 production unit 
following 2 test units - engine average cost estimated to be at Unit i 



For conceptual purposes a very preliminary cost analysis of SLY 
operations was done using the SIS cost data base as a departure point. It is 
iaportant to understand the differences between STS and BtV elesent costs in 
order to appreciate their relative differences in operation coats. For exafl- 
ple, the ULY ET costs are aore than the STS ET costs. The difference is due 
to the inclusion of de-orbit rockets on the ULY ET* as it Bust be de-orbited 
with the payload icdule. The F/l aodulo hardware is mch isaa expensive than 
the Orbiter hardware as it is a fraction of the eoaplexicy and size. The OLY 
launch operations should be mch simpler than the corresponding STS 
operations) although both use the same basic launch crew, because the ULY 
requires much less refurblshaent and does not generally involve mltiple 
payloads. 

The result of the preliuinary operations cost analysis showed 
the 0LY coats to be sensitive to both scenario and flight rate for both the 
Shuttle and the ULY, issuaing a 2* flight rate per year for the Shuttle and a 
ULY flight rate of five per year, an estioated BLY flight will cost approxi- 
iately 4110 Billion ie PI 83 dollars versus the corresponding $133 Billion 
Shuttle cost per flight. 



